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AN EXPERIMENTAL STUDY OF URETEROINTESTINAL 
IMPLANTATION 


V. The Destiny of the Implanted Ureter 


FRANK HINMAN, M.D., F.A.C.S., and HENRY M. WEYRAUCH, M.D., F.A.C.S., 


San Francisco, California 


XPERIMENTAL investigation has 
yielded abundant proof that the lower 
portion of the implanted ureter con- 
stitutes an area of crucial importance 

in determining the success or failure of a 
ureterointestinal anastomosis. At successive 
stages following implantation of the dog’s 
ureter by various modifications of the sub- 
mucosal method, the animals either died or 
were killed and the intraluminal and intra- 
mural segments were subjected to a special 
study. In addition to gross and microscopic 
examination, the ureters in several specimens 
were injected with a 20 per cent suspension of 
India ink in gelatin and the region of the 
anastomosis was cleared by the Spalteholz- 
Skarda technique in order to localize areas of 
constriction or dilatation. These findings were 
correlated with the changes reflected in the 
upper urinary tract. 

It was observed that healing at the site of 
the anastomosis takes place either by primary 
union and early epithelization or, in the pres- 
ence of infection, by granulation, cicatriza- 
tion and late epithelization (Table I). Al- 
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though pure forms of both processes occur, the 
two are more usually associated in one of an 
innumerable number of possible relationships. 

Immediately following operation the usual 
traumatic manifestations make their appear- 
ance. There is edema of the operative area 
with an infiltration of lymphocytes and plasma 
cells. Areas of hemorrhage may be present 
(Fig. 1). A foreign body reaction is observed 
in the region of the sutures. 

If there is no infection or if only a mild 
degree of infection supervenes, as commonly 
observed in ureterovesical reimplantation, this 
reaction rapidly subsides and healing occurs 
by primary intention (Fig. 2). This is usually 
achieved by the sloughing of the intraluminal 
segment of the ureter. Only in rare instances 
is the length of this segment preserved exactly 
as introduced at operation. Most frequently 
a variable portion of the end separates so that 
the new orifice is in the plane of the mucosa of 
the implanted viscus or is situated on a low 
papilla. 

In the absence of infection, sloughing is 
caused by anemic necrosis alone. The reaction 
is admirably demonstrated in a series of ex- 
periments in which a hollow catgut cylinder 
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—FORMS OF HEALING FOLLOWING 
URETERAL IMPLANTATION 


TABLE I. 


I. Early traumatic edema causing variable degrees of ureteral ob- 
struction 


Without | Infection With | Infection 


If. Healing by primary union.) II. Infection: Acute, subacute to 
Early epithelization. chronic. Early obstruction of the 
ureter. Healing by granulation. 

If. Healing completed wichout|III. Cicatrization: Formation of scar 


tissue may give rise to late ob- 
struction of the ureter. Late 
epithelization. 

(The end of the ureter may slough 
from infeciious gangrene) 


cicatrization. Final relie 
of temporary o>struction 


(The end of the ureter may 
slough from anemic ne 
crosis) 





was placed in the lumen of the end of the ure- 
ter in an attempt to assure the patency of the 
anastomosis. Since the cylinders fit snugly, in 
many instances, with the occurrence of edema, 
the blood vessels became obliterated and ne- 
crosis from pressure ensued (Fig. 3). 

If healing takes place by primary union, 
there is little constriction of the ureter other 
than that occasioned by the transient opera- 
tive edema. Free communication as demon- 
strated by injections of gelatin is illustrated in 
Figures 4 and 5. In addition to exemplifying 
the ideal which is striven for in all implanta- 
tions, these models serve for comparison with 
specimens showing obstruction. 

When a severe degree of infection ensues, an 
entirely different picture is presented. Soon 
after the onset of edema, the entire wall of the 
redundant end of ureter becomes engorged 
with leucocytes, chiefly of the polymorpho- 
nuclear strain. The adventitia is invaded first 
but the process soon spreads through the mus- 
cularis, the submucosa, and to a lesser degree 
into the mucosa. The surface of the stump is 
encased in an inflammatory débris containing 
conglomerations of bacteria (Fig. 6). The more 
fulminating the inflammatory reaction, the 
greater is the tendency to occlude the lumen of 
the ureter. Granulation tissue makes its ap- 
pearance and gradually replaces the exudate. 
New capillaries are formed and, as they grow 
into the granulations, fibroblasts appear (Fig. 
6 b). Cicatrization becomes greatest in the 
adventitia and portions of the muscularis 
where the muscular fibers are destroyed. As 
healing progresses the inflammatory process 
recedes from the acute to the subacute, and 
finally to the chronic stage. The scar tissue 
contracts over a period of weeks and months 
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to produce, as a general rule, a permanent 
stricture of the ureter (Fig. 7). Healing is pro- 
longed and epithelization is delayed. 

Though the end of the ureter is first to be 
invaded, its intramural extent and the ad- 
jacent parts of the intestine do not escape the 
inflammatory process. Infection spreads up- 
ward along the path of the ureter into the 
intermuscular planes and submucosa of the 
intestine. The mucosa itself shows minimal 
invasion, probably because of a natural im- 
munity to the fecal content. Sutures form 
rallying points for infection, and abscesses are 
prone to develop about them (Fig. 8). Areas 
of inflammation outside the ureter do not com- 
press it. Except for constrictions and angu- 
lations caused by sutures which are placed im- 
properly, obstruction to the ureter is always 
produced by changes within its own wall. 





Fig. 1. 


The early traumatic manifestations seen in the 
intraluminal end of the ureter 2 days following uretero- 
intestinal anastomosis. There are areas of hemorrhage best 
seen in the submucosa and diffuse edema with an infiltra- 
tion of lymphocytes and plasma cells throughout all layers. 
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The end of the ureter sloughs more fre- 
quently in the presence of infection than from 
anemic necrosis alone. As cellulitis progresses, 
blood vessels and lymphatics become occlud- 
ed, infectious gangrene results, and separation 
occurs at the point where sufficient vasculari- 
zation ends. The greater part of this slough 
usually takes place soon after the first week, 
but it may be delayed for a month or more. 
Despite its own vulnerability to infection, the 
intestine gives the appearance of forming a 
protective covering around the submucosal 
course of the ureter, for, although it is com- 
mon for a fulminating ureteritis to extend up 
to the place where the ureter enters the wall 
of the intestine, such a generalized infection 
rarely extends beyond it. The end often 
sloughs level with the rectal mucosa, but not 
proximal to this point, except in instances of 
massive necrosis, as will be described. A cross 
circulation from the intestine lends added vi- 
tality to the ureter soon after the first week. 

The effects of these pathological changes 
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Fig. 2. Ureterointestinal orifice following healing by pri- 
mary union. Note the perfect fusion of the ureteral with 
the rectal mucosa and the coaptation of the two muscula- 


tures. a, Shows a foreign body reaction in the region of a 
suture, 
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upon the lumen of the ureter were observed 
following injection with gelatin. In localizing 
areas of obstruction, it is important not only 
to note a diminution in the normal caliber of 
the lumen but equally valuable to observe 
substantiating evidence from the effects of 
back-pressure on the kidney and ureter prox- 
imal to an area of suspected narrowing. Tak- 
ing cognizance of both these features it was 
discovered that, in acute ureteritis, the lumen 
of the entire intraluminal segment is usually 
compressed. Later the very tip of the im- 
planted ureter is the initial and most frequent 
site for the development of a stricture (Fig. 9). 
If more scar tissue is formed, the area of con- 
striction involves the remainder of the intra- 
luminal portion (Fig. 10). It is unusual for 
the process to advance into the intramural 
segment although this sometimes occurred 
after a period of several months (Fig. 11). 

The question naturally arises as to how ob- 
struction in the end of the ureter may be 
avoided. We have shown that the reduction 
of infection in the field of implantation (1) is 
conducive to the prevention of ureteritis with 
its attendant stasis and later formation of 
stricture. 

We attempted to evaluate, as another fac- 
tor, the relative advantages of implanting a 
long or a short end of ureter at operation. In 
an experimental series of ureterointestinal 
anastomoses, an end less than 1 centimeter in 
length was utilized on one side, while the end 





Fig. 3. Anemic necrosis of the intraluminal segment of 
the ureter caused by the pressure of a catgut cylinder, 2 
days following ureterointestinal anastomosis. The ureter is 
seen as only a ghost of its normal structure. The catgut 
cylinder lies within the lumen. 
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Fig. 4. Ideal ureterovesical communication 5 weeks following bilateral uretero- 
cystoneostomy. There is no constriction of either ureter. A small papilla remains 
on the right, a long papilla on the left. The kidneys and ureters above are normal. 


of the opposite ureter was left 3 centimeters 
long. Although an accurate statistical anal- 
ysis of this factor was precluded by the com- 
plexity of other considerations, we concluded 
that the shortest possible end which is tech- 
nically feasible is the most desirable. Since 
the intraluminal segment bears the brunt of 
the inflammatory reaction and is the area 
most consistently narrowed by acute inflam- 
mation, as well as by the later formation of 
stricture, it seems rational to reduce its dimen- 
sions to an absolute minimum. Furthermore, 
the exposed surfaces of the adventitia unpro- 





Fig. 5. Ideal ureterointestinal communication 6 weeks 
following a right submucosal transplant. There is no con- 
striction or dilatation of the ureter. The upper urinary 
tract is normal. 


tected by mucosa or by the wall of the intes- 
tine afford the best possible foothold for the 
entrance of infection. 

We have found that our best results are ob- 
tained by dividing the end of the ureter tan- 
gentially and carrying a longitudinal incision 
a short distance beyond. Starting at the most 
proximal point of the beveled end, the wall is 
divided longitudinally almost to the level at 
which it is to emerge from the intestine. This 
step reduces the possibility of occlusion which, 
as we have demonstrated, is so likely to occur 
in a long, redundant end and brings the new 
orifice close to the protected intramural por- 
tion of the ureter. Furthermore, it opens a 
broad expanse of ureteral mucosa to promote 
fusion with that of the intestine. 

In our experience, the Coffey No. 3, Higgins 
method and other operations depending on 
a transfixion suture for the establishment of 
an orifice are complicated by a higher incidence 
of obstruction and ascending infection. There 
is a tendency for the minute orifice to contract 
from cicatrization and, in a few instances, 
complete occlusion has occurred. The tempo- 
rary period of absolute ureteral obstruction is 
a serious disadvantage of the Coffey No. 3 
procedure. One inherent danger of any meth- 
od which incorporates a transfixion suture is 
the possibility that the suture may fail to 
slough through. 
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Fig. 6. Acute inflammatory reaction involving the stump 
of the implanted ureter 1 week following ureterointestinal 
anastomosis. Leucocytes chiefly of the polymorphonuclear 


Transplantation of the ureter is possible 
only because the blood supply derived from 
the upper and middle portions is adequate to 





Stricture of the intraluminal segment of the 
ureter 6 weeks following submucosal ureterointestinal im- 
plantation. The arrows indicate the marked atrophy and 
replacement of the muscularis by scar tissue as demonstrated 
by ca tissue stain. (The gross specimen is illustrated 
n Fig. ro. 


Fig. 7. 
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strain are seen in all layers. The surface of the stump is 
encased in an inflammatory débris containing conglomera- 
tions of bacteria, best seen as dark areas in the high power 
photomicrograph, right. This view likewise shows the for- 
mation of granulation tissue, evidenced as fibroblasts and 
new capillaries in a zone surrounding the muscularis. Note 
the formation of cysts in the mucosa as a result of inflam- 
mation. 


nourish its entire length. Since some vessels 
course through the adventitia, care must be 





Fig. 8. Acute ureteritis in the intramural segment of the 
ureter 18 days following ureterointestinal anastomosis. 
Note how silk sutures form rallying points for the formation 
of abscesses. 
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Fig. 10a. 
Fig. 9. Marked constriction at the ureterointestinal ori- 
fice which opens on a small papilla. The intraluminal and 
intramural portions are widely dilated and marked hydro- 
ureter and hydronephrosis are present. The specimen is 
from a dog killed 1 month following a left submucosal 
ureterointestinal anastomosis. 
Fig. 10. Constriction of the intraluminal segment of the 
ureter causing wide dilatation of the intramural portion and 


taken not to denude the ureter too completely 
preparatory to an anastomosis. Occasionally 
the blood supply is so completely destroyed 
that an anemic necrosis of the ureter reaches 
above the site of implantation. When this 
occurs, leakage is inevitable and peritonitis en- 
sues. Infectious gangrene giving rise to a mas- 
sive necrosis may produce the same result. 
The danger of this complication is likewise in- 
creased by injury to the blood supply (Figs. 
12 and 13). 

In some of the operations the peritoneum 
covering the lower portion of the ureter was 
dissected with the ureter and used as a cuff 


Fig. rob. 
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Fig. 11. 

a marked hydroureter and hydronephrosis above. The 
specimen is from a dog killed 6 weeks after a right sub- 
mucosal ureterointestinal anastomosis. 

Fig. 11. Constriction of the intraluminal and intramural 
portions of the ureter, giving rise to a bilateral infected 
hydroureter and hydronephrosis above. The specimen is 
from a dog killed 4 months after a bilateral submucosal 
ureterointestinal anastomosis. 


around it in implanting the end into the bowel. 
This has been recommended as a measure to 
assure the preservation of an adequate blood 
supply. At necropsy, however, we noted no 
decrease in the incidence of infection and ob- 
struction in the ends of the ureters so treated. 
Ureteritis and sloughing of the ends occurred 
as usual, with the peritoneum participating in 
the process. 

A pathological characteristic which some- 
times plays a part in shaping the final result 
is the adhesive quality of inflamed surfaces. 
This is displayed by the specimen illustrated 
in Figure 14. Two long ends of ureter which 
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Vig. 12. Infectious gangrene involving the intramural 
segment of the ureter 3 days after a right submucosal im- 
plantation with the use of a catgut cylinder. 


had been implanted into the rectum came into 
contact and, incident to the infectious process, 
became fused into an inseparable mass. A 
similar fusion giving rise to more disastrous 
consequences, was occasionally noted within 
the lumen of the ureter, sealing it shut at the 
place where it had been crushed by a ligature 





Fig. 14. Ureteritis adhesiva. Two long ends of ureter 
which were implanted into the rectum came into contact 
and, incident to the infectious process, became fused into an 
inseparable mass. The specimen is from a dog killed 2 
months after a bilateral submucosal ureterointestinal anas- 
omosis. 





Gangrenous end of ureter 


Fig. 13. Infectious gangrene of implanted ureter extend- 
ing 2 centimeters above the site of anastomosis. The dog 
succumbed, 5 days after a right ureterointestinal implanta- 
tion, to peritonitis caused by leakage around the ureter and 
a fistula in the ureter itself. 


in our first application of the divisible carrier 
(Fig. 15). In most instances the lumen be- 
came re-established, but in a few it remained 
permanently occluded. In still others an ori- 
fice at the side was formed at some point prox- 
imal to the tip. To prevent these complica- 
tions, as mentioned previously, we now divide 
the end of the ureter tangentially, slit it longi- 
tudinally for a short distance beyond, and af- 
fix the divisible carrier to its very tip. Urinary 
contamination is prevented during this stage 





Fig. 15. Diagram illustrating how crushing the end of 
the ureter by a ligature during operation may lead to an 
adhesive process within the lumen and give rise to partial 
obstruction, or even to occlusion. 
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of the operation by temporary occlusion of the 
ureter with a bull-dog clamp. Gentle handling 
is important in order to minimize trauma with 
its resultant necrosis and infection. 

We have demonstrated that ureteral ob- 
struction and ascending infection following 
ureterointestinal anastomosis are attributable 
to the highly contaminated nature of the con- 
tents of the large intestine (1). In this paper 
we have traced the pathological changes which 
occur in the implanted ureter and have shown 
that the end of the implanted ureter is a region 
of crucial importance as concerns a successful 
result. Subsequent communications will be 
devoted, first, to the effect of these changes 
upon the upper urinary tract, especially to the 
relationship between ascending infection and 
ureteral obstruction (2) and, secondly, to the 
methods of reducing the infectious changes of 
the implanted portion so that primary healing 
of the end of the ureter will occur (3). 


SUMMARY 


The end of the implanted ureter constitutes 
an area of crucial importance in determining 


the success or failure of a ureterointestinal 
anastomosis. The pathological changes which 
occur in this structure are carefully traced, 
especially with a view to demonstrating the 
hazards which accompany damage to the 
blood supply and the entrance of infection; if 
extending above the site of the anastomosis, 
either anemic necrosis or infectious gangrene 
gives rise to fatal peritonitis. A virulent in- 
fection in the ureteral stump causes serious 
damage to the upper urinary tract first by 
acute ureteritis with its attendant stasis and 
later by the formation of stricture. The 
changes in the end of the ureter, therefore, 
play a great part in accounting for the mor- 
bidity and mortality, both early and late, 
which attend the operation. 
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EXCISION OF THE HEAD OF THE PANCREAS FOR 
CARCINOMA WITH STUDIES OF ITS BLOOD SUPPLY 


HROLFE R. ZIEGLER, M.D., F.R.C.S. (C), Rochester, New York 


URING the past 15 years many ad- 
vances have been made in the surg- 
ical treatment of carcinoma of the 
ampullary region of the duodenum. 

By far the greatest number of cases of obstruc- 
tive jaundice due to this cause have been 
treated by a palliative type of operation in 
which the gall bladder or common duct has 
been anastomosed to the stomach or duode- 
num. It is remarkable that so few attempts at 
excision of carcinoma localized to this region 
have been attempted when one realizes that 
the first operation ‘of this type was done as 
long ago as 1900 by Halsted. Up to 1927 
Cohen and Colp were able to collect only 59 
cases in which local excision of ‘carcinoma of 
the ampulla was accomplished and, though 
only a relatively small number of these pa- 
tients survived the operation more than a few 
days, there were 4 patients who lived beyond 
18 months. This report apparently stimulated 
many surgeons to do the local excision type of 
operation, so that by 1935 Whipple, Parsons, 
and Mullins (16) were able to add 20 reported 
cases to those collected by Cohen and Colp, 
and in the same year Hunt and Budd found in 
the literature a total of 76 cases which had been 
treated in this manner. 

Up to this time the lesion had been excised 
locally with, in the majority of cases, reim- 
plantation of the bile duct; and in 1932 Walters 
first suggested that the immediate mortality 
rate from the operation could be reduced if it 
were preceded by a cholecystostomy. Whip- 
ple, Parsons, and Mullins, in their report in 
1935, Suggested a wide excision of the adjacent 
pancreas and duodenum for the first time, thus 
sacrificing the external secretion of this gland 
and substituting a gastroenterostomy in place 
of any attempt to preserve the duodenum. 
This proposed change was based on the fol- 
lowing facts: (1) For many years it had been 


Presented at the meeting of the Society of Clinical Surgery, 
Rochester, New York, May 16, 1941. 


realized that the external secretion of the 
pancreas was not essential to life in animals, 
and it was thought that one could sacrifice it 
in man without ill effects. (2) A great many 
postoperative deaths from local excision of the 
ampulla were due to leakage of pancreatic 
secretion around the anastomosis which, of 
necessity, was formed between the amputated 
ends of the ducts and the duodenum. (3) Whip- 
ple stressed that the operation of wide excision, 
sacrificing the external secretion of the pan- 
creas, conformed to the main principle of 
cancer surgery in excising large blocks of tissue 
wide of the growth. This last consideration is 
of extreme importance, for many cases will 
show extension into the wall of the common 
duct itself or the adjacent pancreas, and there 
is really no point in attempting to excise these 
lesions if one does not seriously attempt to re- 
move all cancer tissue. 

Since this more radical excision is much 
more time-consuming and involves more risk 
of shock to the patient who is already in a 
precarious position as a result of long-standing 
complete obstruction of the lower end of the 
bile duct, and in many cases of the pancreatic 
ducts, Whipple suggested that the operation 
be done in two stages. The first stage in- 
volved a cholecystgastrostomy and gastro- 
enterostomy followed 4 to 6 weeks later by a 
wide excision of the lesion, a major portion of 
the duodenum being sacrificed and the previ- 
ous gastroenterostomy relied on for re-estab- 
lishment of the continuity of the gastrointes- 
tinal tract (Fig. 1). 

Following this momentous contribution to 
the surgery of this region, numerous reports 
have appeared in the literature attesting to its 
sound principles and success. In 1938 Whip- 
ple (15) again made an important suggestion 
when he advocated a further change in the 
technique of the first stage because the chole- 
cystgastrostomy had been found to possess 
certain defects. The fundamental principle of 
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radical excision en bloc of the tumor by means 
of a two stage procedure remained unchanged. 
However, he was disturbed by numerous in- 
stances in which recurring cholangitis and 
hepatitis followed the first stage in spite of 
the provision of a large stoma between the gall 
bladder and the stomach. It was apparent by 
this time that the lack of pancreatic secretion 





Gall bladder | 





Fig. 2. Illustration of the change in the first stage opera- 
tion to that of a cholecystojejunostomy on the Roux 
principle as suggested by Whipple. (Courtesy Am. J. Surg., 
1938, 40: 261.) 








Fig. 1. Illustration of the two stage pro- 
cedure suggested by Whipple, Parsons and 
Mullins. Above, first operation. Left, sec- 
ond operation. (Courtesy Ann. Surg., 1935, 
102: 763.) 


did not interfere with the patient’s nutrition; 
in fact, most of the patients constantly showed 
a gain in weight following the first stage of the 
operation. He proposed, therefore, a chole- 
cystjejunostomy on the Roux principle, as 
shown in the accompanying diagram (Fig. 2), 
and reported 3 cases, none of which had been 
followed by cholangitis. 

One point which should be borne in mind is 
that the mesentery of that portion of the 
jejunum forming the anastomosis with the gall 
bladder should be sutured to the parietal 
peritoneum at a considerable distance from 
the duodenum in order that the division of the 
peritoneum along the lateral border of the 
duodenum, at the second operation, can be 
accomplished without interfering with this 
leaf of mesentery. Furthermore, although 
Whipple recommends the ligation of the com- 
mon duct just below the entrance of the cystic 
duct at the first operation, it is suggested that 
the common duct be left undisturbed so that 
one will not be hampered at the second opera- 
tion by the presence of many adhesions in this 
region. If, however, the common duct has 
been opened for exploration during the first 
stage of the operation, it probably is wise to 
ligate it and leave a long silk suture for a 
marker, as he suggests. 
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Fig. 3, above. The Brunsch- 
wig method. The entire head 
of the pancreas was resected 
for carcinoma. (Surg., Gynec. & 
Obst., 1937, 65: 681.) 

Fig. 4, right. The method of 
George Crile, Jr., used to ex- 
cise the head of the pancreas 
for carcinoma. (Courtesy, Am. 
J. Surg., 1940, 47: 91.) 


Since Whipple’s report, the use of vitamin K 
has disposed of the hazard of uncontrollable 
bleeding in patients of this type who are deep- 
ly jaundiced, and we believe it is quite possi- 
ble, in patients who are otherwise in good con- 
dition, to accomplish this whole surgical 
procedure in one stage. In fact, in an article 
published this year, Kauer and Glenn have 
advocated that the problem be attacked with 
this in mind. In this clinic last year for the 
first time, Dr. Mahoney did a one stage opera- 
tion for carcinoma of the ampulla of Vater with 
excellent results. However, the attempt to 
accomplish the operation in one stage requires 
a patient in excellent condition, extreme sur- 
gical speed and skill, and the provision during 
the operation of large amounts of plasma and 
blood to combat the surgical shock which 
would otherwise develop during such a long 
procedure. 

Following all this very interesting work on 
the surgical treatment of carcinoma of the 
ampulla of Vater, a tremendous advance was 
made in 1937 when Brunschwig operated on a 
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patient for carcinoma of the head of the pan- 
creas in a two stage procedure and excised the 
entire head of the organ. Just previous to this, 
Lahey had recommended cholecystenteros- 
tomy rather than cholecystgastrostomy as a 
first stage, and Brunschwig made use of this 
in a rather unusual fashion (Fig. 3). 

In the same year George Crile, Jr. reported 
another case of excision of the head of the 
pancreas for carcinoma, using a cholecyst- 
gastrostomy as the first stage, but, from the 
drawings presented, it would appear that the 
entire head was not excised (Fig. 4). It has 
occurred to us that excision of the entire head 
for carcinoma of the lower end of the bile duct 
and ampulla is possibly as easy as the removal 
of a wedge-shaped section of pancreas, for this 
must involve the time-consuming ligation of 
innumerable small vessels, whereas, as will be 
shown, only two main arteries require ligation 
if the entire head of this organ is excised. This 
procedure will also conform more to the gen- 
eral principle of wide excision of tissue beyond 
the local area of tumor growth. 
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Fig. 5. a, left, The area of duodenum and pancreas to 
be excised outlined by the dotted line. b, Exposure after 


OPERATIVE PROCEDURE 


Last year I attempted an operation for exci- 
sion of carcinoma of the head of the pancreas 
which presented several interesting problems. 
The first stage of this operation required a 
choledochojejunostomy due to the fact that 
the patient possessed a nonpatent cystic duct 
and a small, scarred gall bladder which could 
not be utilized in a short-circuiting operation. 
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Fig. 6. a, left, Exposure of the superior mesenteric ves- 
sels by division of the neck of the pancreas and the projec- 
tion of the uncinate process behind and medial to these 
vessels. b, Retraction of the head of the pancreas laterally 
and the mesenteric vein medially, the uncinate process 
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the division of the pylorus. The dotted line indicates the 
line of incision through the neck of the pancreas. 


Unfortunately this contributed to the patient’s 
death following the second stage due to a 
separation of the suture lines as a result of 
traction on this region and consequent leakage 
of bile. 

The second stage of the operation, as de- 
scribed by Brunschwig, is illustrated by Fig- 
ures 5, 6 and 7. A transverse incision is em- 
ployed to open the abdomen and silk sutures 
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of the head thus being freed. Several pancreatic veins 
have been ligated, as have the gastroduodenal artery 
and the common bile duct. The so-called normal origin of 
the inferior pancreaticoduodenal artery is shown in this 
drawing. 
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Fig. 7. The completed operation with gastroenterostomy 
not shown. 


are used throughout. The pylorus is first 
divided and this immediately exposes the pan- 
creas where a blunt instrument can be passed 
beneath the neck of the gland. Caution must 
be used to keep the instrument in close prox- 
imity to the deep surface of the gland for 
several important large vessels lie immediately 
behind it. The neck is then divided along the 
line shown in Fig. 5b. We used the actual 
cautery for this division feeling that bleeding 
would thereby be better controlled and the 
danger of leakage of pancreatic secretion de- 
creased. However, Tripodi and Sherwin, in 
recent experiments on excision of the pancreas 
in dogs, have shown that the stump of the 
pancreas heals equally well and shows no 
tendency toward leakage of its external secre- 
tion whether one uses the scalpel, actual caut- 
ery, or high frequency knife. It probably 
would be safer to make the division with the 
scalpel, since there is actually very little bleed- 
ing from this portion of the pancreas and one 
could then more easily identify and ligate the 
main pancreatic duct issuing from the body of 
the gland. The first part of the duodenum is 
then mobilized from above, no attempt being 
made to separate it from the pancreas, and in 
the course of this part of the dissection the 
gastroduodenal artery and common bile duct 
are ligated and divided. 
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Fig. 8. Portion of the superior mesenteric vein has been 
removed to show the high origin and fan-shaped distribu- 
tion of the inferior pancreaticoduodenal artery. 


By dividing the pancreas at this point one 
immediately exposes the splenic and superior 
mesenteric veins where they join to form the 
portal vein, and it will be seen that the latter 
crosses the head of the pancreas in an oblique 
fashion, the superior mesenteric artery lying 
behind and hidden by the vein (Fig. 6a). 
Numerous small veins issuing from the head 
of the pancreas enter the superior mesenteric 
vein on its pancreatic surface, and these must 
be ligated while the vein is gently retracted 
medially in order to expose the upper and 
medial margins of the head as shown in Figure 
6b. From this point on in the operation we 
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Fig. 9. Depicting the usual origin, course, and distribu- 
tion of the inferior pancreaticoduodenal artery described in 
most textbooks of surgery and anatomy. 
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Fig. 10. a, left and b. Twelve of the 24 dissections studied revealed a high origin of the inferior pan- 
creaticoduodenal artery, as shown. (A section of the superior mesenteric vein was removed to clarify 


the picture.) 
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Fig. 11. a, left and b. A high posterior origin of the inferior pancreaticoduodenal artery. 


encountered several interesting and unex- 
pected difficulties. The duodenum has been 
mobilized by division of the lateral reflexion 
of peritoneum, and by blunt dissection the 
hand can be placed behind the duodenum and 
head of the pancreas where these structures lie 
immediately adjacent to the vena cava and 
aorta. In order to carry the dissection around 
the medial border of the head, it is necessary 
to provide some traction to free the uncinate 
process from its position beneath the superior 
mesenteric artery. When this maneuver was 
attempted in our patient he immediately de- 
veloped a profound state of shock which per- 
sisted until the close of the operation and for 
2 to 3 hours afterward in spite of all the usual 
methods which were used to combat it. We 
believe that this was due to the fact that the 
head of the pancreas is abundantly supplied 


with sympathetic nerves issuing in a radiating 
fashion from the plexus around the root of the 
superior mesenteric artery. In a good many 
cases this traction can be avoided, but it is sug- 
gested that, in order to prevent this sympathe- 
tic reflex from operating, one should inject the 
region of the plexus with novocain as soon as 
the neck of the pancreas has been divided. 
The next problem which we encountered 
was that the inferior pancreaticoduodenal ar- 
tery does not always arise low on the superior 
mesenteric artery and proceed laterally in the 
interval between the pancreas and duodenum 
as described in most textbooks of surgery and 
anatomy. In the case under discussion, it had 
its origin high up near the root of the artery 
and proceeded downward and outward, as 
shown in Figure 8. This caused us some con- 
cern, inasmuch as we were doubtful whether or 
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Fig. 12. Another case of high origin of the inferior pan- 
creaticoduodenal artery and the only case in which its 
branches reached the pancreas and duodenum on its poste- 
rior aspect. 
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not this vessel could be ligated at its origin 
without endangering the vitality of the third 
portion of the duodenum at that point where 
we intended to amputate it and turn in the 
distal end. We felt that primary ligation of 
this vessel and the gastroduodenal artery as 
early as possible in the operation would render 
the resection relatively bloodless and conserve 
much time otherwise occupied in the ligation 
of numerous small bleeding points. The opera- 
tion should be completed by inverting the 
stump of remaining duodenum, closing the 
stump of the body of the pancreas with three 
or four silk mattress sutures and the provision 
of a posterior gastroenterostomy as shown in 
Figure 7. Our patient, however, was in such a 
severe stage of shock that we saved some time 
by sewing the stump of the duodenum to the 
distal end of the stomach. In the future it 
would be better to do the gastroenterostomy 
as the first step in the second stage rather than 
be faced with this at the close of the opera- 
tion. Shock, if it develops at all, is most likely 
to occur when one uses traction on the head 
of the pancreas, and one should be in a posi- 
tion to close the abdomen at once. In our case 
this was accomplished with through-and- 
through wire sutures without drainage. The 
patient died 3 days later of bile peritonitis due 
to a leakage from the previous choledocho- 
jejunostomy and a complete thrombosis of the 
portal vein and its tributaries. I cannot ex- 
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Fig. 13. The only case in the group in which no inferior 
pancreaticoduodenal artery was present. 


plain the development of the portal thrombosis 
and it is regrettable that it occurred, for there 
was a concomitant gangrene of the stomach 
and jejunum so that we were unable to deter- 
mine whether or not the ligation of the infe- 
rior pancreaticoduodenal artery interfered 
with the vitality of the duodenal stump. 


STUDIES OF THE BLOOD SUPPLY OF THE 
HEAD OF THE PANCREAS AND DUODENUM 


The finding of the high origin of the inferior 
pancreaticoduodenal artery led to an anatom- 
ical investigation of the blood supply of the 
head of the pancreas with particular reference 
to this artery. With the co-operation of Dr. 
W. B. Hawkins in the department of pathology 
and Prof. Karl Mason in the department of 
anatomy, 24 dissections were carried out, in 
each instance the operative approach de- 
scribed above being used; examples of these 
are illustrated by Figures 9 to 16. In only 8 of 
the subjects were we able to demonstrate the 
normal textbook picture of the artery as de- 
picted in Figure 9. In 12 instances, comprising 
half of the subjects studied, the artery arose 
from a high position on the superior mesen- 
teric, frequently from its posterior aspect 
(Figs. 10a, b and 11a, b). The artery immedi- 
ately breaks up into many smaller vessels 
which proceed in a fan-shaped distribution to 
the anterior surface of the pancreas and third 
portion of the duodenum. Figure 12 reveals a 
very high origin of the artery and is the only 
instance in which its branches reached the 
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Fig. 14. a, left, and b. The abnormal origin of the middle colic artery from the gastroduodenal artery. 


head on the posterior surface. This subject 
also presented a very high origin of the middle 
colic artery which then pursued a course across 
the duodenum at the point where it would be 
turned in during the operation. Further dis- 
section of this group of high origins of the infe- 
rior pancreaticoduodenal artery revealed that, 
as a general rule, the first intestinal branch 
arose from the posterior surface of the superior 
mesenteric artery above the duodenum and 
supplied the terminal portion. In these cases, 
therefore, there probably exists an adequate 
blood supply to that portion of the duodenum 
which would be transected and turned in dur- 
ing the operation in spite of the high ligation 
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Fig. 15. In this case the inferior pancreaticoduodenal 
artery arose from the middle colic artery. 


of the inferior pancreaticoduodenal artery at 
its point of origin. 

One dissection revealed no vessel corre- 
sponding to the inferior pancreaticoduodenal 
(Fig. 13). The 3 subjects, illustrated by Figs. 
14a, b and 15, show a most unusual and un- 
suspected anomaly. In 2 of these the middle 
colic artery has arisen as a main branch from 
the gastroduodenal. In such a case, it can be 
readily seen that ligation of the gastroduode- 
nal artery early in the operation, as suggested, 
before discovery of this anomaly might result 
in a serious impairment of the arterial supply 
of the transverse colon. With the exception of 
this anomaly the early ligation of the gastro- 





Fig. 16. Normal origin of inferior pancreaticoduodenal 
artery. Many anastomotic vessels supply the pancreas. 
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duodenal artery at its origin is possible in the 
operative technique described, for it was re- 
markably constant in its origin, course, and 
distribution in all 24 dissections. In the other 
case (Fig. 15) the inferior pancreaticoduodenal 
artery is a branch from the middle colic, and 
here again an unfortunate arterial ligation 
would be possible. Figure 16 demonstrates a 
very peculiar arrangement of aberrant vessels 
forming a perplexing anastomosis on the ante- 
rior surface of the pancreas 


SUMMARY 


1. A case is presented in which a two stage 
resection of the entire head of the pancreas for 
carcinoma was accomplished, and it is recom- 
mended that the first stage be that of a chole- 
cystjejunostomy following the Roux principle 
as advocated by Whipple. 

2. The actual excision of the entire head of 
the pancreas, rather than a partial wedge exci- 
sion, together with the major portion of the 
duodenum, is feasible and can be greatly facili- 
tated by ligating the gastroduodenal artery 
and the inferior pancreaticoduodenal artery 
early in the operation; thus the greater portion 
of the dissection is rendered relatively blood- 
less. 

3. However, as a result of 24 dissections in 
which the various stages of the operation 
were carried out according to plan, certain 
marked deviations from the normal distribu- 
tion of these vessels, as described in most text- 
books of anatomy, have been exposed and 
might render this stage of the operation tech- 
nically difficult. 

4. These dissections disclosed that in half 
of the subjects studied the inferior pancrea- 
ticoduodenal arises high up on the superior 
mesenteric artery and is distributed in a fan- 
shaped manner downward and outward over 
the anterior surface of the gland. 

5. The gastroduodenal artery is remark- 
ably constant in its origin, course, and distri- 
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bution, but in 2 of the subjects studied it gave 
origin to the middle colic artery. It is, there- 
fore, recommended that the origin and distri- 
bution of this vessel be determined before the 
gastroduodenal artery or the inferior pan- 
creaticoduodenal artery are ligated. 

6. In many cases traction laterally on the 
head of the pancreas is necessary in order to 
dislodge the uncinate process from its position 
beneath the superior mesenteric vessels. This 
maneuver may induce a reflex resulting in pro- 
found shock because of the Jarge number of 
sympathetic nerves radiating to the pancreas 
from the mesenteric plexus. Therefore it is 
suggested that, as soon as the head of the pan- 
creas is exposed, the plexus be infiltrated with 
novocain, in the hope that this complication, 
which we found extremely difficult to combat 
successfully, may be avoided. 

7. The suggestion is made that the placing 
of a gastroenterostomy be the first step in the 
second stage of the operation. 
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AN ASEPTIC RESECTION OF THE STOMACH FOR 
CARCINOMA AND ULCER 


EMILE HOLMAN, M.D., F.A.C.S., San Francisco, California 


ARCINOMA of the stomach is fre- 

quently accompanied in patients of 

advanced age by anemia, debility, 

poor nutrition, and impaired resist- 
ance to infection. Every effort is made before 
operation upon such patients to minimize the 
hazards imposed by these conditions by trans- 
fusions, by a high protein, high carbohydrate 
diet, and by the administration of vitamin 
concentrates for 7 to 10 days preceding the 
operation. Occasionally, sulfanilimide and, 
more recently, sulfathiazole have been ad- 
ministered for 24 hours before the operation 
and for 48 hours after the operation. Despite 
these various precautions, which may not all 
be realized because of pyloric obstruction, the 
hazards remain great. In one clinic, a mor- 
tality of 50 per cent has been recorded follow- 
ing resections. In the past 10 years at the 
Stanford clinic, the mortality in the resected 
cases has been to per cent. In an effort to 
reduce this mortality still further, an aseptic 
resection of the stomach has been developed 
in the past 28 months, independently of a 
similar development in Wangensteen’s clinic 
(6). Although primarily intended for applica- 
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tion in resection for carcinoma, in which, due 
to achlorhydria, infection is more imminent, 
we are now employing it also in resection for 
ulcer. In resection for ulcer, it is freely con- 
ceded that in the majority of cases the con- 
tamination encountered by entering the lumen 
of the stomach, the duodenum, or the jejunum 
does not usually impose a serious risk of infec- 
tion. However, since one or two patients in 
every hundred cases of resection of the stom- 
ach suffer infected wounds, and occasionally 
peritonitis and death, an aseptic technique 
should diminish or prevent such catastrophes. 
By such improvements and by constant vigi- 
lance and endeavor does the surgeon reduce 
“the irreducible minimum.” 

The accompanying illustrations show the 
various steps in technique. 

In all upper abdominal surgery, the opti- 
mum position of the patient on the table is 
obtained by elevation of the upper half of 
the body, permitting the stomach and liver 
to descend below the costal margin, and the 
small intestines to fall into the pelvis out of 
the operative wound (Fig. 1a). This prevents 
exposure and handling of the small bowel, 
both important factors in postoperative dis- 
tention. In this position, also, pulmonary 
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ventilation and respiratory exchange is im- 
proved through a more efficiently working dia- 
phragm. A kidney elevator maintains the 
normal lordosis and elevates the intra-abdom- 
inal contents into the wound. By flexion at 
the hips, the lower half of the body is elevated 
above cardiac level to prevent pooling of blood 
in the lower extremities incident to the general 
vasodilatation that accompanies a general 
anesthetic. 

A midline incision (Fig. 1b) provides easy 
accessibility both to duodenum and to the 
cardia of the stomach. On occasion the left 
costal cartilages close to the sternum are di- 
vided without entering the chest, and the 
ligamentous attachment of the left lobe of the 
liver is divided to expose the esophageal gas- 
tric junction. The incision may be prolonged 
on either side of the umbilicus as circum- 
stances dictate. 

In mobilizing the omentum or the gastro- 
hepatic mesentery, the tissues containing the 
blood vessels are not crushed by the applica- 
tion of clamps (Fig. 2a). Instead, the tissues 
are separated by blunt dissection in an avas- 
cular area, two ligatures are applied and tied, 
and the tissue cut between them. Where the 
tissue cannot be separated easily as in the gas- 
trohepatic mesentery, the two ligatures are ap- 
plied by transfixion needles introduced through 
an avascular area, and the vessel is divided be- 
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Fig. 2b. 


tween them. The purpose of avoiding clamps 
is to minimize the crushing and devitalization 
of tissues in the operative area—thus (1) re- 
ducing the postoperative febrile reaction, 
(2) eliminating as far as possible the need of 
the body to absorb dead tissue, and (3) mini- 
mizing still further the hazard of infection 
through possible bacterial contamination of 
avascular tissue capable of acting as an excel- 
lent culture medium. It is believed that if the 
cells in the avascular tissue beyond the liga- 
ture are not crushed, their nutrition may be 
maintained by becoming adherent to sur- 
rounding structures or by imbibition of nutri- 
tion from peritoneal fluid until revasculariza- 
tion is effected. 

The stomach is mobilized, the lesser curva- 
ture almost completely, the greater curvature 
well up to and sometimes including the gastro- 
splenic ligament (Fig. 2b). Two Payr clamps 
are applied distal to the pylorus and the duo- 
denum is transected between them with a cau- 
tery. The distal duodenal stump is seared by 
applying the cautery along the Payr clamp for 
approximately 15 seconds to insure coagula- 
tion of the vessels in the divided duodenal 
wall. A continuous Parker-Kerr basting stitch 
of No. o chromic catgut on an atraumatic 
needle is applied to the duodenum with the 
Payr clamp still in place (Fig. 2b, a), thus in- 
suring the turning in of the raw edges on 





148 SURGERY, GYNECOLOGY AND OBSTETRICS 






Fig. 3a. 


removal of the clamp. This first line of closure 
is in turn buried by reversing the direction of 
the same catgut suture back to its site of 
origin (Fig. 2b, 6). A third line of interrupted 
black silk sutures is applied (Fig. 2b, c), thus 
burying the two previously placed continuous 
catgut closures. 

In line with previous observations (5) con- 
tinuous nonabsorbable sutures are never used 
in gastrointestinal anastomoses. Reichert and 
Holman found in cleared specimens of intes- 
tinal anastomoses of 3 to 6 weeks’ duration 
that the interrupted nonabsorbable silk su- 
tures had migrated so that they lay either 
underneath the peritoneum, or had been dis- 
charged into the lumen and lost. The deter- 
mining factor seemed to be whether or not the 
suture had passed into the infected mucosa. 
If the needle was made purposely to penetrate 
the lumen, the stitch was discharged into the 
lumen. If the needle was applied to pass 
through the submucosa without entering the 
lumen, the stitch would eventually lie free on 
the serosal surface covered only by peritone- 
um. Therefore, a continuous nonabsorbable 


stitch might lie partly underneath the peri- 
toneum, and partly inside the lumen, thus 
providing a continuous “seton” from sterile 
peritoneum to the infected lumen. Hence, the 
necessity of avoiding the use of continuous non- 
absorbable sutures in intestinal anastomoses. 

The Parker-Kerr inversion stitch is a funda- 
mental procedure in surgery. It turns into the 
intestinal lumen the raw, contaminated edge 
of the divided bowel wall and approximates 
serosa to serosa (Fig. 3b). As early as 1823, 
Bichat enunciated this elemental fact, to be 
applied by Lembert in 1826 to intestinal su- 
turing. Despite the insistence of these early 
authors that mucosa-to-mucosa will not heal, 
that serosa-to-serosa is a sine-qua-non in intes- 





Fig. 4b. 
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tinal suture, some surgeons are still fond of 
using either the mattress eversion stitch for 
approximation of surfaces and control of 
bleeding, or the de Petz clamp, which everts 
the unsterile bowel edges and applies con- 
stricting metal staples to control bleeding 
(Fig. 3a). The raw edges approximated by 
this mucosa-to-mucosa stitch are then buried 
by a serosa-to-serosa suture, thus fulfilling the 
law of intestinal suturing. However, the buried 
raw edges of the bowel, infected and avascular, 
theoretically may invite the formation of 
small abscesses which may burst into the lu- 
men or the peritoneal cavity, and may cause 
failure in the line of suture with the formation 
either of an external fistula or a peritonitis. 
Granting that this may occur only rarely, its 
very possibility should be eliminated by avoid- 
ing the eversion stitch in intestinal suturing. 

Payr or narrow crushing clamps are applied 
to the stomach in one of two ways (Fig. 4a and 
b), as illustrated, depending upon the ease of 
application. The stomach is divided with a 
cautery, and the cut edges of the stomach wall 
are seared by passing the hot cautery back 
and forth over the surface of the clamp for 15 
seconds. Recently, following the observations 
of Gerbode in the Stanford Surgical Labora- 
tory, instead of the stomach being divided 
flush with the crushing clamp, a small cuff of 
the wall is left projecting 1 to 2 millimeters 
beyond the clamp. This cuff is seared, thus 
coagulating and closing the open ends of blood 


vessels without damaging the gastric wall on 
the proximal side of the clamp, which may 
occur if the clamp is excessively heated. Ger- 
bode’s observations indicate that the portion 
of the bowel wall devitalized by the crushing 
clamp and by the cauterization separates and 
drops off into the lumen within 48 hours. The 
resulting raw surface between the opposed 
intestinal walls which is usually very narrow 
is covered with mucosa within 18 to 21 days. 

The remnant of stomach is partially closed 
along the lesser curvature, first by a continu- 
ous Parker-Kerr basting stitch of chromic cat- 
gut on an atraumatic needle (Fig. 5a), thus 
inverting the raw seared surfaces of the di- 
vided stomach wall. The continuous suture 
is in turn buried by interrupted silk sutures 
(Fig. 5b). A Payr or narrow-bladed Martzloff 
or Wangensteen clamp is applied tangentially 
on the jejunal wall as illustrated in Figure 6a 
and a segment is removed by cautery, the edges 
of the bowel being seared again for about 15 
seconds to control bleeding. Careful inspec- 
tion of the removed segment should reveal a 
mucosal surface along its entire extent. 

The loop of jejunum is applied to the stom- 
ach remnant (Fig. 6b), proximal arm to right 
of opening, distal arm to greater curvature. 

The two Payr or Wangensteen narrow- 
bladed clamps on the remnant of stomach and 
on the jejunum are approximated anterior to 
the colon (Fig. 7). The anastomosis is effected 
by one of two ways: A row of interrupted 
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mattress sutures of silk is applied posteriorly, 
the needle and suture paralleling the clamps 
as close as subsequent tying will permit. After 
all have been applied, they are tied. 

A row of interrupted mattress silk sutures 
are applied anteriorly, the needle and suture 
again paralleling the clamps (Fig. 7b). The 
clamps are removed and the stitches tied sepa- 
rately. A few additional sutures are applied at 
the two extremities of the stoma to insure a 
leak-proof closure. After the last stitch has 
been tied, the new gastrojejunal stoma is 
opened by gentle digital manipulation. 

This method of approximation of serosal 
surfaces for re-establishing intestinal contin- 
uity (Fig. 7), as used in our early aseptic re- 
sections, has been superseded in later resec- 


tions by utilizing Martzloff’s modification of 
the Parker-Kerr basting stitch as suggested 
by Wangensteen. The clamps are rotated 
away from the proposed posterior line of 
closure. A continuous basting stitch of No. o 
chromic catgut on an atraumatic needle is 
applied alternately to the contiguous gastric 
and jejunal serosal surfaces lying posterior to 
the clamps (Fig. 8a). 

The clamps are rotated toward the posterior 
suture and a second continuous Parker-Kerr 
basting stitch of No. o chromic catgut is ap- 
plied alternately to the contiguous gastric and 
jejunal surfaces lying anterior to the clamps 
(Fig. 8b). The clamps are removed, the two 
sutures pulled taut, thus accurately approxi- 
mating the serosal surfaces posteriorly and 
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Fig. ga. Fig. gb. Fig. gc. 


anteriorly. The two sutures are tied together 
at each end (Fig. 8c, a, 6). This line of con- 
tinuous catgut suture is in turn buried by 
interrupted silk sutures applied posteriorly 
and anteriorly. Digital manipulation insures 
the opening of the stoma. 

In resections for ulcer in which a larger rem- 
nant of stomach remains than in resection for 
carcinoma, this completes the operation. 

The larger remnant of stomach following 
resection for ulcer does not recede into the left 
upper quadrant, and therefore obstructing 
angulation of either of the two jejunal arms of 
the gastrojejunal anastomosis is not so immi- 
nent. The anterior gastrojejunostomy also 
contributes to diminishing the danger of such 
obstructing angulation. Moreover, in resec- 
tions for ulcer, a jejunojejunostomy between 
these two jejunal arms of the gastrojejunos- 
tomy is strictly avoided, as it is considered 
highly undesirable to deflect the alkaline duo- 
denal and pancreatic secretions through an 
enteroenterostomy, away from the gastro- 
enterostomy. The neutralization, preferably 
in the stomach, of the acid gastric secretions 
by the alkaline duodenal secretions is most 
effective in preventing jejunal ulceration. 

In all cases of subtotal resections for cancer, 
in contrast to resection for ulcer, the anterior 
gastrojejunostomy with a complementary 
jejunojejunostomy is considered practically 
obligatory (Figs. 9 and 10). It is our aim in 
resections for cancer to remove the entire 


lesser curvature together with the gland bear- 
ing tissues in the gastrohepatic mesentery and 
most of the greater curvature. The small rem- 
nant of stomach resulting from this procedure 
recedes high into the left upper quadrant, 
under the left diaphragm. Were a posterior 
gastrojejunostomy performed through a rent 
in the mesocolon, a drag on the mesocolon 
would occur, and obstructing angulation of 
one or both arms of the jejunum would be im- 
minent. Even if this immediate danger were 
averted, the hazard of a jejunal ulcer or of a 
gastrojejunocolic fistula is greatly increased 
by tension on the anastomosis from a fixed or 
short mesocolon. I propose as an axiom in 
gastric surgery that following any gastric 
anastomosis, the stomach must be comfortable, 
both at rest and in activity. Any interference 
with the effective motility of the stomach, 
either by the fixed or short mesocolon or by 
the stomach being joined to the fixed portion 
of the jejunum, will surely lead to tragic con- 
sequences. In resections for cancer, therefore, an 
anterior gastrojejunostomy is invariably per- 
formed and since there is no danger of jejunal 
ulceration incident to the deflection of the al- 
kaline duodenal secretions away from the gas- 
trojejunal anastomosis, an enteroenterostomy 
is also performed between the two arms of the 
jejunum leading to and from the gastric 
stoma. Two thin-bladed Martzloff or Wan- 
gensteen crushing clamps are applied tangen- 
tially on the jejunal wall (Fig. 9a), a segment 
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Fig. 10a. 


of bowel wall is removed by the cautery, the 
edges are seared for control of bleeding, and 
an anastomosis is effected by one of two 
methods: (1) by interrupted mattress silk 
sutures applied posteriorly and anteriorly 
parallel to the clamps (Fig. gb and c), or (2) by 
the Martzloff application of the Parker-Kerr 
basting stitch (Fig. rod and e). The latter 
procedure is now considered preferable. A 
continuous No. o chromic catgut suture is ap- 
plied paralleling the clamps posteriorly, the 
suture passing alternately from one jejunal 
wall to the contiguous surface of the other 
(Fig. toa). The posterior suture remains 
loose while the clamps are rotated and a sim- 
ilar continuous suture of No. o chromic catgut 
is applied, paralleling the clamps anteriorly 
(Fig. rob). The two clamps are removed, and 
both sutures are pulled taut, thus approximat- 
ing the apposed serosal surfaces and inverting 
the raw edges of the jejunum into the lumen 
(Fig. roc, a-b). These two catgut sutures are 
tied at both ends without puckering and with- 
out reducing the size of the anastomotic open- 
ing. The entire anastomosis is reinforced 


Fig. tod. 


Fig. roe. 


Fig. tob. 


with interrupted silk sutures (Fig. 10d). 

Digital manipulation insures opening of the 

stoma (Fig. 10e). 

Any available omentum is brought up to lie 
between the under surface of the incision in 
the abdominal wall and the underlying vis- 
cera. The wound is closed in layers. 

In numerous experimental anastomoses and 
in 31 Clinical resections of the stomach for 
cancer and ulcer, no hemorrhage has occurred 
or deaths, either from leakage or peritonitis. 
In not a single patient have we had an infec- 
tion of the wound or evidence of a localized 
peritonitis. 
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HUMAN BITES OF THE HAND 


HARRY MILLER, M.D., and JAMES M. WINFIELD, M.D., F.A.C.S., 
Detroit, Michigan 


XPERIENCE in many communities 
has yielded abundant proof of the 
danger which attends neglect of 
wounds contaminated with human 

mouth organisms. As the concomitant se- 
quelae and resultant functional disturbances 
are often of a most serious nature, the impor- 
tance of the correct management of the early 
and late human bite lesions cannot be over- 
emphasized. There is a definite tendency for 
these infections, when once established, to ex- 
tend and to invade into deeper and more vital 
structures, the lesions rapidly becoming foul 
smelling, necrotizing, and resistant. 

The organisms implanted in the tissues of 
the hand are often most virulent. The part 
played by such anaerobes as the fusiform 
bacillus and the spirochete of Vincent has been 
repeatedly pointed out. Although these organ- 
isms are not always demonstrable in cultures 
and smears from human bite wounds, dark 
field examination of fresh wet smears will 
demonstrate their presence in a higher per- 
centage of instances. Anaerobic cultures ob- 
served over a period of 7 to 10 days will often 
yield much information. Streptococci and 
staphylococci alone and in symbiosis, as well 
as other contaminants such as the colon bacil- 
lus, various fungi, and occasionally the 
Spirocheta pallida play an important réle in 
producing and prolonging these necrotizing 
infections. 

In order to gain a lucid concept of the prob- 
lems involved in the prophylaxis and treat- 
ment of these lesions one must appreciate the 
anatomic complexity of the tissues which pre- 
disposes to extension of infection rather than 
to localization, particularly under conditions 
of neglect, as well as the low resistance of 
fibrous connective tissue and cartilage, to in- 
fection. 

A knowledge of the mechanism of produc- 
tion, the usual sites of injury, the extent and 
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depth of the lesion, and the possible course of 
extension of the infection is of considerable aid 
in the intelligent management of these cases. 

Human bite injuries usually occur during the 
course of fist fights or drunken biting brawls. 
Consequently, the lesions range from actual 
bites of the phalanges and hand to puncture 
wounds and lacerations produced by a fist 
striking exposed teeth. When the closed fist 
is used in striking a blow the knuckles of the 
second and third metacarpals receive the ma- 
jor force of the impact. This is primarily due 
to the fact that these bones are longer and 
stronger than the other metacarpals and, fur- 
thermore, they are more immobile. In this 
position the dorsal ligaments, extensor ten- 
dons, and skin are tightly stretched across the 
joint, and a blow on the projecting head of the 
metacarpal will easily cause a sharp, resisting 
surface to penetrate the joint cavity or to 
damage underlying structures (Fig. 1). 

A more rare mechanism, that of the sucking 
of hangnails or of clean lacerated wounds by 
the patient or a concerned bystander, will 
account for contamination with mouth organ- 
isms in a small number of cases. One of the 
patients included in our group of late infected 
cases acquired a severe infection following the 
biting of a hangnail. 

In reviewing our early human bite wounds 
we have encountered almost twice as many 
lacerations of the fingers as of the knuckles 
In the late cases the converse is true. The 
wounds of the phalanges occur predominantly 
on the dorsum, the palmar surface only occa- 
sionally being involved. 

In regard to the extent and depth of the le- 
sions, the injury may present itself as: (1) a 
simple abrasion over the phalanges, knuckles, 
or palmar surface of the hand or wrist, involv- 
ing only the epidermis (Fig. 2); (2) a complete 
avulsion of segments of skin, subcutaneous 
structures and occasionally of bone (Fig. 3); 
(3) a penetrating laceration either partially or 
completely severing the extensor tendon (Fig. 
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Fig. 1. Region of knuckle. Mechanism of injury and implantation of infection. 


4); (4) a wound which may have opened into 
the dorsal subcutaneous space, subtendinous 
bursa, dorsal subaponeurotic space, or the 
joint cavity (Fig. 5). 

In 1930, Mason and Koch published a paper 
on human bite infections of the hand in which 
they demonstrated experimentally the lines 
of spread of infectious agents from the region 
of the metacarpophalangeal joint. This paper 
has been unsurpassed in the presentation of 
essentials and remains the outstanding con- 
tribution on this subject. 





Fig. 2. Fig. 3. 


Fig. 2. Abrasion injury. 
Fig. 3. Complete avulsion of finger tip. 


Obviously, abrasions and avulsion lacera- 
tions offer little opportunity for the establish- 
ment of an anaerobic infection. Lacerations, 
however, which have penetrated the sub- 
cutaneous layers and opened into the subtend- 
inous tissues and joints, present ideal condi- 
tions for the production of fetid, necrotizing 
infections because of the relatively anaerobic 
conditions, the low resistance of fibrous tissue 
and synovial membranes, the anatomic com- 
plexity of structures favoring the spread of 
infection, and the presence of traumatized 





Fig. 4. 
Fig. 4. Penetrating laceration. Partial severance of 
extensor tendon. 











in 
p 
pl 


jo 


sh 
de 
lis 
in 
le 
be 


ce 
xc 





of 





MILLER, WINFIELD: HUMAN BITES OF THE HAND 155 


tissue. Consequently, the infections occurring 
on the dorsal aspect of the hand in and about 
the metacarpophalangeal joint potentially and 
actually carry the graver prognosis. Because 
of the shift of tissues particularly about the 
knuckles, infection may be carried from an 
original point of entrance to a relatively dis- 
tant area (Fig. 1). 

Infection occurring from an injury over the 
proximal phalanx may extend both superficial 
and deep to the expansion of the extensor 
tendon (Fig. 6a). From this position it may 
extend along the lumbrical and interosseous 
tendons to involve the lumbrical space. 

Laceration of the extensor tendon with the 
implantation of infection but without pene- 
tration into the joint may occur. Here the 
extension of infection will be extracapsular 
and subtendinous, the subtendinous bursa 
and subaponeurotic space becoming contami- 
nated (Fig. 6a). Should the joint be infected, 
infection may penetrate into the subtendinous 
bursa and subaponeurotic space as well as 
under the expansion of the extensor tendon 
over the proximal phalanx (Fig. 6b) from 
which point infection will travel, as described, 
namely, to the lumbrical canal and large fas- 
cial spaces in the palm of the hand (Fig. 7). 

The dorsal subcutaneous space is usually 
involved early. This follows subcutaneous 
penetration with or without laceration or dis- 
placement of the tendon or extension into the 
joint. 

The flexor tendons and their synovial 
sheaths are rarely invaded from behind. A 
dense fibrous sheath and the accessory volar 
ligament serve as an adequate barrier. Late 
in the course of infection, especially in neg- 
lected cases, the flexor tendon sheaths may 
be invaded. 

Believing the results obtained by those sur- 
geons using chemical and _ electrocautery 





Fig. 5. Penetration of the joint cavity. 


methods in the primary treatment of early 
human contaminated wounds are not entirely 
satisfactory (1, 2, 3, 5, 8), we have followed 
in our clinic the suggestion made by Mason 
and Koch in 1930 of cleansing the wound with 
soap and water combined with gentle débride- 
ment. The recognition of early human bites 
as such is often quite difficult. Falsification 
of history is common especially in the white 
patient, and often results in contraindicated 
primary suture. A definite and comprehen- 
sive regimen has been developed, comprising 
a searching history, complete examination, 
and treatment. 

The routine treatment employed is as fol- 
lows: The area about the wound is gently 
washed with soap and water for 5 minutes 
following which the wound itself is thoroughly 
washed with soap and water and irrigated with 
saline for a further period of to minutes. Fol- 
lowing this procedure, the edges are gently re- 
tracted and the lesion examined, in order to 
determine the extent of injury if possible. 
These wounds are not probed since the infor- 
mation obtained is meager and the danger of 
carrying infectious agents more deeply into 
the tissues is great. Following mechanical 
cleansing and a very limited débridement, wet 
dressings are applied. No attempts are made 
to repair the rent in the joint capsule. Hands 
are splinted in the position of function. Lacer- 
ations are never sutured nor are injuries to 





Fig. 6. a, left, Extracapsular infection. 


b, Intracapsular infection and extension. 
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Fig. 7. Lumbrical space and palmar extension. 


deeper structures repaired. The major catas- 
trophes in our series have occurred in those 
cases in which wounds were primarily sutured. 
Patients return daily for examination and if 
there is joint involvement, are usually hospi- 
talized. In certain of the initial cases in this 
series patients were observed and treated in 
conjunction with Dr. R. E. Speirs who has 
reported these previously. A total number of 
61 early human bites of the hand have been 
given prophylactic treatment during the past 
3 years. All patients seen within 4 hours after 
the occurrence of injury were considered early 
cases. Friedrich has pointed out that a lag 
phase of 6 hours exists before organisms con- 
taminating a wound become acclimated to the 
human tissues. This lag phase in the case of 
organisms transferred from the human mouth 
is greatly shortened and there may be only a 
brief interval before the organisms are accus- 
tomed to their new environment. Those cases 
already presenting swelling and evidence of 
infectious extension were not included in this 
series of early, cases even if patients were seen 
within the 4 hour period and were considered 
as late cases. 

The accompanying table illustrates an inter- 
esting grouping of these injuries (Table I). It 
will be noted that 34 lesions involved the 
fingers while 18 occurred in the region of the 
knuckle. Of the total number of cases, 5 
showed mild inflammatory reaction character- 
ized by swelling and tenderness without sup- 
puration and only 1 gave evidence of gross 
infection. Two of the knuckle injuries exhibit- 
ing inflammation had been sutured primarily 
due to falsification of history but the sutures 
were removed almost immediately and the 
wound treated as a human bite. One of the 
compound fractures with the tip of the ter- 
minal phalanx completely bitten off showed 


TABLE I.—EARLY HUMAN BITES OF THE HAND 
(TREATED BY SOAP AND WATER WASHING, 
LIMITED DEBRIDEMENT, SALINE IRRIGA- 
TION, WET DRESSINGS) 
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*One additional case with extensive multiple injuries of the fifth finger 
and dorsum of the hand became grossly infected. 


mild inflammation (Fig. 3). The compound 
fractures were usually hospitalized for a short 
period. The case referred to in the footnote 
was a most extensive injury, the fifth finger 
having been almost completely bitten off at 
the base of the proximal phalanx, tooth in- 
juries of the third and fourth metacarpo- 
phalangeal joints and 3 lacerations over the 
dorsum of the hand. It was necessary to re- 
move the fifth finger. The third and fourth 
metacarpophalangeal joints became stiff and 
the dorsal skin sloughed requiring a subse- 
quent graft. Obviously, gross suppuration 
occurred in this hand, but we were able to 
save the major portion of the hand and to 
obtain a fair functional result. In none of the 
early cases, except the last mentioned, was it 
necessary to resort to amputation. 

A more complete analysis has been made of 
the last 27 cases. In this group 10 were 
knuckle injuries, 5 of these occurring on the 
third right knuckle and 1 on the third left 
knuckle. Two occurred on the second right 
knuckle. Of the 17 finger injuries, the first, 
second, and fifth right fingers were most com- 
monly involved. There were to extensor ten- 
don lacerations and 1 flexor tendon laceration. 
The metacarpophalangeal joint was known to 
be entered in 3 instances, but no doubt lacera- 
tions involving the joint were more frequent 
than this, as the positive determination of the 
extent of the injury in this region is often diffi- 
cult to ascertain. 

Over 60 per cent of the cases were between 
the ages of 15 and 25 years, 18 being males, 
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Fig. 8. Usual type of incision for adequate joint drainage. 


g females; 19 were colored, and 8 white. Of 
22 cases the functional result in 20 was excel- 
lent, good in 1, and poor in 1 (cases described 
previously). 

The average wound healing time for the 
whole series of 61 cases was 8.5 days and for 
the group of 27 cases 9.9 days. 

The after-care consisted essentially of 
splinting and the application of continuous 
saline, boric acid, or magnesium sulphate 
soaks for a period of 48 hours. The wet dress- 
ings were discontinued at this time if the 
wounds remained clean. Splinting was con- 
tinued to complete healing. 

This relatively simple course of manage- 
ment of early human bite injuries has given 
results which have been most gratifying. Un- 
fortunately, the patient, when first seen often 
has a fully established infection, and regard- 
less of the adequacy of treatment, frequently 
is condemned to a prolonged illness which may 
result in loss of parts and occasionally in Joss 
of life. 





Fig. 9. Healed incision. Drainage subcutaneous, sub- 
aponeurotic, and joint spaces. 


In marked contrast to the prophylactic 
treatment and management of the early hu- 
man bite injuries, is the therapeutic problem 
presented by the late infected human bites. 
These wounds are already in serious condi- 
tions, and sometimes extensively infected. As 
in other infections of this type, adequate sur- 
gery is essential with emphasis on somewhat 
earlier and more radical drainage. In general, 
the basic principles enunciated by Kanavel, 
Koch, Mason, and others relative to the treat- 
ment of established hand infections should be 
adhered to scrupulously. It should be unnec- 
essary and is obviously impractical to outline 
the treatment in the most minute detail. Suf- 
fice it to say, that under general anesthesia, 
and in a bloodless field, the hand is thoroughly 
cleansed with soap and water. Then an ex- 
tremely careful, meticulous débridement is 
performed, with removal of as much infected, 
gangrenous sloughing tissue as possible, and 
in addition with adequate drainage for all 
areas of infection. Definite mention should be 
made regarding metacarpophalangeal joint in- 
fections. The joint capsule should be opened 
transversely by a 1 to a 1.5 centimeter incision 
which usually gives sufficient drainage (Fig. 
8). As has been pointed out earlier in the 
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Fig. ro. Function obtained following drainage of infection of subcutaneous sub- 


aponeurotic and joint spaces. 


paper, infections of this type when implanted 
in certain regions may characteristically 
spread along certain lines to involve adjacent 





Fig. 11. Drained infection. Dorsal subcutaneous and 
dorsal subaponeurotic space. 


or deeper structures. The deepest anatomic 
plane involved should be inspected, as the in- 
fection may spread along the lowermost plane 
(Fig. 9). Infection of the joint, if adequately 
drained, does not always result in a completely 
ankylosed joint as in many instances excellent 
function is obtained (Fig. 10). An understand- 
ing of the pathogenesis of the advance of infec- 
tion is essential to the correct surgical manage- 
ment of these severe infections, since it is only 
by locating those areas of greatest potential 
danger and recognizing the presence of infec- 
tion that the lesion can be intelligently and 
satisfactorily managed. One should be slow to 
amputate extensively infected fingers but ex- 
tensive drainage of the soft parts is essential. 
Often a useful part may be preserved or if 
amputation later becomes necessary, more of 
the extremity may be saved. Amputation 
should be avoided in the presence of an acute 
infection. 

The wounds are then loosely packed with 
vaseline gauze and usually massive wet dress- 
ings are applied. A considerable variety of 
antiseptic solutions have been employed. In 
addition to saline, boric acid, and magnesium 
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Fig. 12. Incision for drainage of lumbrical space. 


sulphate solutions, we have utilized and rather 
favor the use of Dakin’s solution; it being our 
impression that the wounds remained cleaner 
and that sloughs separated more readily with 
consequently better drainage when the latter 
solution was used. Hydrogen peroxide, po- 
tassium permanganate, and chromic acid solu- 
tions also were used without notable success. 
Zinc peroxide, arsenicals, and sulfanilamide did 
not produce strikingly favorable results. The 
fingers, hand, and arm are then splinted and 
put at rest in the position of function and 
whenever possible arranged so that the posi- 
tion will favor dependent drainage. It is our 
belief that practically without exception cases 
of this type should be hospitalized. A Wasser- 
mann should be done in all patients presenting 
human contaminated lesions. 

As has been stated, the initial injuries in the 
late infected cases occurring in the region of 
the knuckle outnumbered those of the fingers. 
In 34 of the 54 patients the knuckles were in- 
volved, 15 occurring over the third metacarpo- 
phalangeal joint, the others scattered and of 
this group of 34 cases, the joint cavity itself 
was infected in 19 instances. There were 19 
cases with lesions of the fingers, 16 injuries 
being on the dorsal surface, and 3 on the volar 
surface. In 6 cases the middle interphalangeal 
joint was infected and in 4 cases the distal 
interphalangeal joint was involved. As might 
be expected, partial or complete laceration of 
extensor tendons occurred in 18 cases and in 
only 6 cases were the flexor tendons partially 
severed. There was 1 case presenting a 
laceration of dorsum of the hand alone. 

In several cases there was multiple involve- 
ment of joints, fascial spaces, and tendon 
sheaths. However, in 12 cases infection was 
confined to the dorsal subcutaneous space and 





Fig. 13. Severely infected finger. Amputation required. 


in 21 cases both the dorsal subcutaneous and 
dorsal subaponeurotic space was infected (Fig. 
11). Infection of the midpalmar space was 
present in 3 cases and this seems significant in 
that this space is not commonly involved in 
the usual hand infection. In 1 case infection 
extended from an involvement of the index 
flexor tendon and its sheath to the thenar 
space. In another case the ulnar, radial bursa, 
retroflexor space, and bones of the wrist and 
hand became so severely infected from a 
knuckle lesion that amputation through the 
forearm was required. From an original focus 
at the metacarpophalangeal joint, infection 
spread to the lumbrical spaces in 9g cases. 
Thirteen cases of the total 48 developed stiff 
fingers and in 5 cases amputation of parts 
was required, in 1 of which it was necessary 
to perform amputation through the forearm 
(Fig. 13). 

In spite of the severity of these infections, 
the average length of healing was 34 days and 
9.4 was the average number of hospital days. 
No fatalities occurred in this group of cases. 

As has been noted in the literature (6), these 
infections are prone to recurrence and fre- 
quent exacerbations. In our series there were 
3 such instances, 1 in 3 weeks, 1 in 2 months, 
and 1 in 3 years’ time. 





160 SURGERY, GYNECOLOGY AND OBSTETRICS 


Since instituting the described management 
of early human bite lesions, the number of late 
cases admitted to the hospital have been defi- 
nitely fewer in number. For a short interval 
during a change in the resident staff, the late 
infected cases increased, and it was found that 
the treatment of the early cases was not being 
carried out as outlined. 

The careful evaluation of results in the 
treatment of human bite infections is difficult 
because of the variations in the virulence of 
the contaminating organisms and the resist- 
ance of tissues. The criterion of the length of 
stay in the hospital is not a good index of the 
extent or severity of the infection. These 
studies have convinced us that good results in 
the treatment of human bite infections of the 
hands can be obtained only by attention to 
details and adherence to surgical principles. 
Careful cleansing and gentle handling of tis- 
sues have reduced our incidence of severe in- 
fections and adequate drainage, fixation of 
parts and irrigation are fundamental necessi- 
ties in the treatment of the late infections. 


SUMMARY 


1. The prophylactic treatment of early 
“human bite” injuries handled under the regi- 


men of soap and water cleansing, limited dé- 
bridement, wet dressings, and splinting is sim- 
ple and effective, the results obtained being 
superior or equal to those attained when ac- 
tual or chemical cauterization was utilized. 

2. The correct management of the “early 
human bite” cases has reduced the number of 
late infected cases and we feel that prompt and 
intelligent treatment of the infected cases has 
definitely reduced the morbidity and number 
of disabling and deforming sequelae. 

3. In dealing with the late infected cases a 
clear understanding of the mechanism, depth 
of penetration, and degree of injury in relation 
to the spread of established infection is essen- 
tial for adequate and correct surgical treat- 
ment. 
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INTERSCAPULOTHORACIC AMPUTATION FOR MALIGNANT 
TUMORS OF THE UPPER EXTREMITY 


A Report of Thirty-one Consecutive Cases 


GEORGE T. PACK, M.D., F.A.C.S.,GORDON McNEER, M.D., F.A.C.S., and 
BRADLEY L. COLEY, M.D., F.A.C.S., New York, New York 


NTERSCAPULOTHORACIC amputa- 
tion is an operation devised to remove 
the entire upper extremity, the shoulder 
girdle, and its muscular attachments. 

The operation has been variously designated 
as “removal of one-half of the shoulder girdle” 
by von Eiselsberg, ‘‘surgical removal of the 
breast girdle” by Adelmann and “extirpation 
of the arm and shoulder” by Kocher, but it is 
the term “‘interscapulothoracic amputation”’ 
which the French surgeons, notably Berger, 
have employed and which now enjoys pop- 
ular usage. 

In the Anatomy of the Human Body by W. 
Cheselden, there is a note and illustration con- 
cerning the case of Samuel Wood, a miiler, 
who in 1737 survived a traumatic amputation 
of an arm and shoulder, caused by an en- 
twined rope attached to the cogs of a mill 
wheel. Only slight shock was said to have 
followed this amputation by avulsion. The 
English surgeon, R. Cumming, has been gen- 
erally accredited with having performed the 
first elective operation of this type which was 
for a gunshot wound, although Halstead 
maintained that Larrey was the originator of 
the formal procedure, as it is done today. 
Dixie Crosby, in 1836, was the first American 
surgeon to perform a successful extirpation of 
the shoulder girdle for tumor. In 1837, Musey 
of Cincinnati did a scapulectomy following a 
disarticulation of the humerus for sarcoma; 
the patient survived 30 years. 

Until 1881, i.e., before the area of antisep- 
sis, there were 29 recorded interscapulotho- 
racic amputations for various indications, 
with an operative mortality of 38 per cent. 


From The Memorial Hospital for Cancer and Allied Diseases, 
New York. 
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The technique of the operation was standard- 
ized by Berger, and the classical procedure 
still bears his eponym; in 1887 he described 
all the previously published cases and added 
his own experience with the operation, for 
which his mortality rate was 10.4 per cent. 
The most important article dealing with this 
subject in medical literature was written by 
Buchanan of Pittsburgh, who analyzed all the 
reported cases prior to the year 1900. At that 
time the operation was so unusual as to be a 
surgical curiosity and surgeons were inclined 
to rush their individual case reports into press 
before final end-results could be appreciated. 
Buchanan, by letter and consultation, secured 
most of the follow-up data on 141 interscapu- 
lothoracic amputations which were done prior 
to the year 1goo. 

Our analysis of the evolution of this opera- 
tion, the indications, and contraindications for 
it, the modifications of techniques employed, 
and the final end-results achieved will there- 
fore be presented in three parts: (a) A sum- 
mary of the Buchanan report, which is a 
thorough analysis of 141 operations done prior 
to 1900 (Table II). (b) An analysis of 180 
additional case reports from the medical liter- 
ature from 1go0o to date (Table III). This 
would indicate that the operation is done with 
surprising infrequency. A complete bibliog- 
raphy of 357 references originally appended 
to this article revealed the fact that the opera- 
tion is universally done. These references to 
articles which appeared in Russian, Japanese, 
Swedish, Dutch, Portuguese, Italian, Spanish, 
Hungarian, Roumanian, and Polish medical 
literature have necessarily been deleted from 
this article because of insufficient space. Rus- 
sian surgeons as a national group have prob- 
ably applied this radical procedure more often 
than others and, moreover, have contributed 
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TABLE I.—COMPARATIVE END-RESULTS OF 
SCAPULECTOMY AND INTERSCAPULOTHO- 
RACIC AMPUTATION— KAWAMURA (1909) 












































Survivals ivals | Operative deaths 
Total = oo 
No. 
No. | Pere cent vet _No. Per cent 
1. Incomplete | 
scapulectomy | 28 | 4 | 14.3 
2. Complete mie | 
scapulectomy 66 so. | 89.4 7 10.6 
04 6|~— (83 88.3 rr | 41.7 
3. Interscapulothoracic | | | 
amputation _ 227 208 or.6 | 19 8.4 





some interesting modifications of the opera- 
tion (Tikhor, Sapezhko, Ilchenko). (c) A re- 
port of 31 personal cases from the bone and 
mixed tumors services of the Memorial Hos- 
pital (Table IV). These 31 unselected, con- 
secutive interscapulothoracic amputations 
were all done for malignant tumors of the 
upper extremity and were performed without 
an operative death. 


INDICATIONS FOR INTERSCAPULOTHORACIC 
AMPUTATION 


The necessity for performing such a mas- 
sive, disabling, and disfiguring amputation 
demands a clear conception of the indications, 
hazards, natural history of the tumor respon- 
sible, and possible end-results to be achieved. 
The idea of sacrificing the clavicle, scapula, 
and arm with their muscular attachments is 
so repugnant to most patients and repellent 
to many surgeons, that one of three sequences 
is apt to follow. The patient refuses with 
finality all operative aid, or accepts a more 
conservative though less certain treatment, 
or eventually agrees after a prolonged inter- 
val, during which the disease advances to the 
stage wherein an operation of desperation is 
substituted for what was originally an opera- 
tion of hope. It may be said in all fairness to 
the operation, which is unquestionably well 
conceived, that too few of them are done as 
carefully planned, elective, initial procedures 
and too many are performed as a last resort 
following one or more recurrences after in- 
complete or more conservative operations. 
The indetermination or reluctance of the pa- 
tient is not a contraindication from the sur- 


TABLE IIl.—BUCHANAN’S ANALYSIS OF 
END-RESULTS, PRIOR TO I1g00 


Sex Cases 
Male...... ie eh Pretec ate ake lai ee 03 
Female , vr See 39 
Ce I ee ena eee re 9 

Total 141 

Age by decades 

oto lo.. pe est es wiphecarnietis 8 
aI s6. ace -Scmceine dine: ea ag oid wheeler Oe Ta eee acon 27 
ere Bh einard Weak aie Se shina eis eee res a 22 
31 to 4o , exeantieenenas 24 
41 to 50 AT ee Pe ey TR Reed 24 
eer eee 12 
61 to 70 Saxd 4 
ee 2 

Cases Cases 


Pathological diagnoses! 
Sarcoma unclassified. 105 Carcinoma.......... 


‘ 
Malignant tumor Encephaloma....... 2 
unclassified. ...... 8 Medullary growth... 1 
Osteosarcoma....... 1 Colloid growth... I 
Chondrosarcoma.. 3 Chondroma......... 7 
Myxosarcoma....... 4 Benign tumor....... I 
Lymphosarcoma.... . I 
Cases Cases 
Location of tumor 
Humerus and upper Soft parts—shoulder. 11 
NS Ae ne asa 55  aeeroreee 4 
Scapula. . . 24 Carcinoma of shoulder 2 
Clavicle joint. ...... 1 Recurrent cancer of 
Shoulder joint ee: breast. . ; 4 
Humerus and scapula 15 Location not stated... 12 
Clavicle and scapula 3 Secondary involve- 
Clavicle and humerus 3 ment of shoulder 
Clavicle, scapula and joint..... ee 
humerus..... 6 
Operative deaths—11.3 per cent... eee 
Cases Cases 
Cause Location of tumor 
Se ¥ Upper arm.... 3 
Hemorrhage...... 2 Scapula (alone). 5 
Infection......... I Shoulder. .... 3 
Other causes 6 Breast . : I 
Location not stated 4 
Living 
With Without 
Total Dead disease disease 
End-results 
2 ee . 89 44 II 34 
oto6mos...... : 27 17 6 4 
7 to 12 mos wane 20 II 3 6 
13 to 24 mos...... 18 10 2 6 
i. oy re 3 3 
Ce oS | eee 3 3 
ee I ‘ : I 
he | Se 12 3 . 9 
11 to 20 yrs 4 4 
21 to 30 yrs... I I 
Cause of death 
Operative deaths. ... si A cancels Paspan ae 16 
Local recurrences... . . ; ae 7 
Pulmonary metastasis. : aera 
SR Soret err cree eer area 9 


1Some of these operable cartilaginous tumors were immense. G. C. 
Hall of Allahabad removed one weighing 33 pounds and Shepherd of 
Montreal removed one which was 30 inches in circumference. 
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TABLE III.—SUMMARY OF REPORTED CASES 
IN MEDICAL LITERATURE— 1900 TO DATE 


Cases 

Sex 
PE cts dame asines, goalie tee i ~ ‘eae 
eer er watmarotare aoe ti 50 
Ee Is n.on4 a hese Renee aoe snes 7 
I ae 5 ces cya ta oN diate oe Si 8 eS ere 180 


Youngest 2% yrs.; oldest 72 yrs; average, 3014 years 


Age by decades Cases Cases 
sce cna acen Bee cst ee assss 29 
ag a Pear er i SE eka jincce,. a 
ge vee WP RPI eo seisnctererectee II 
A WNT kav andor eo caraieee 2 
Cases Cases 


Pathological diagnoses 


Osteogenic sarcoma.. 41 Spindle cell sarcoma. 14 
Chondrosarcoma.... 11  Neurosarcoma...... 7 
Chondroma......... 8 Schwannoma....... I 
Myeloid sarcoma— Rhabdomyosarcoma. I 
ae 5  Angiosarcoma....... I 
Giant cell ‘‘sarcoma”’ Perithelioma........ 2 
—bone........... 7 Sarcoma unclassified. 38 
Lymphosarcoma— Melanoma.......... I 
eee ree 1 Squamouscellcancer. 6 
Endothelial myeloma 1 Adenocarcinoma of 
Round cell sarcoma.. 15 breast and axilla... 6 
Lymphosarcoma..... t Malignant tumor 
Mixed cell sarcoma... 6 unclassified. ...... x 
Myxosarcoma....... 1 Diagnosis not stated. 4 
Cases Cases 
Location of tumor 
Humerus and upper Soft parts—shoulder. 7 
EE eee OF. Ss seccc <n cnec: 
a 24 Carcinoma of arm and 
eee 2 shoulder.......... 5 
Scapula and clavicle. 6 Recurrent cancer of 
Scapula and humerus’ 9 Te 4 
Clavicle and humerus 3 _ Location not stated.. 1 


Clavicle, scapula and 
upper arm........ 7 
Shoulder joint....... 8 | ee 22 


Secondary involve- 


Previous operations! 
Radical mastectomy.............5...... estates 5 
Resection of humerus.................. wees 2 
Shoulder joint disarticulation................ , 
PI MOIR oo in oo ose 5 a bivewsconewers 2 
Excision—cancer in burn scar................... 2 
Formal incisional biopey ...... 2... ..6.500.ccccee ns 5 
ee eT re ° 


3 
Cases 
Method of interscapulothoracic amputation 
‘Typacal Berger techniaue.... .. ... ...0..060000e0c0% 115 
Le Conte modification (Elliot, Harrington, Vaughan, 

pO Se ey ee er areas er ee II 
Kocher anterior approach (Powers, Lund, Brin, 

Mirriny, POIMORONGV) |... 6.5 55 cs sw rice ncinees 7 
Littlewood posterior approach (Sondermayer, 

_.. SES RG NRR tease nat eee tener 2 
Conjoined radical mastectomy (Cushing, Fischer).. 2 
Kuster method (Knierim, Troitzky).............. 2 
ee ey ee eee 41 


TABLE I1I.— Continued 








No. Per cent 
End-results— 180 cases (collected) 
CEPRRIVE COREE... 5 wien hens 9 5 
ee ee eee 78 43.3 
Dead 
From local recurrence............ 12 6.7 
From pulmonary metastasis... .... 31 17.3 
From intercurrent diseases........ 7 3-9 
MIG hoes. oar eee ree Re 50 27.7 
Living? 
WHEE TECURIONCE...«... «5. cose scccces 5 2.8 
Without disease. .........55.55.. 38 21.2 
MR soe 2 Os hates ow kaa eaten 43 23.9 


Of the 34 patients with malignant tumors, living and 
well and remaining under observation, the average post- 
operative survival period was 16.2 months. The distribu- 
tion of survival periods was as follows: 


Ne ern ida en cesinin ned we ahora ein badd: pe shaman 16 
PM cng 5is.5ic1e 0% wn cowie ne Gis abies a as NG 

isda eco acs pe kb ow Binal es aia oa nae eeaete 5 
AMC rrr a'eisca:cen oie & sipato Nie we a State taraiane eit 8 
MAMI scar sg: 9 od. Sambi xik POG EP AA eis Hie ALR Petar RES ° 
NN I i ss 5k arene orn oe eng. pavers amenenarepnaee oe 2 


1Fifty-one of the 180 patients had undergone other operations prior to 
the interscapulothoracic amputation. Of these, 35 patients had 1 opera- 
tion, 7 had 2, 4 had 3, 3 had 4, 1 had 5, and 1 had 6 previous operations. 
The types of previous operations are listed. 

2Of the living patients, 4 had benign tumors (chondromas) and were 
known to be living and well for 6 months, 7 years, 12 years, and 27 years, 
respectively, following the interscapulothoracic amputation. 


geon’s viewpoint. The ultimate psychological 
effect of this operation on our patients has not 
been bad; those who are living are apparently 
happily adjusted to this handicap. 

The indications for this operation may be 
enumerated in the following decalogue: 

1. Non-neoplastic conditions, such as exten- 
sive trauma with irreparable damage; gunshot 
wounds, tuberculosis, incurable osteomyelitis. 
It is not the purpose of this critique to discuss 
these indications at length. 

2. Intractable pain caused by incurable tu- 
mors of the shoulder girdle even though 
metastases to lungs are present. The purpose 
here is palliation only, in getting rid of a cum- 
bersome, painful, often suppurating extremity 
(Polosson, Jeanbrau). This indication is not 
so valid now that intolerable pain in the shoul- 
der and arm can often be controlled by such 
neurosurgical measures as cervical chordotomy 
and posterior rhizotomy. 

3. All malignant tumors requiring disarticu- 
lation of the humerus at the shoulder. The 
more major procedure in our experience does 
not require the penalty of a higher operative 
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Fig. 1. Incision for preliminary division of clavicle for 
ligation of axillary vessels and exposure of brachial plexus. 
Insert shows skin incision. 


mortality. The deformity is greater but suit- 
able prosthetic appliances are available and 
any good tailor can reconstruct the shoulder 
of a coat. The shoulder without the arm is 
practically useless. There can be no argument 
about the greater freedom from local recur- 
rence which interscapulothoracic amputation 
affords. 

4. Many bone sarcomas proximal to the 
elbow. Periosteal sarcomas, sclerosing osteo- 


Brachial plexus 
Deltoid M. 













Subscapularis M. 


Ax. A.and V. 
Pect. Minor 
Pect. Major 


nied froef 


Fig. 3. Division of nerves and vessels, pectoral muscles, 
and latissimus dorsi muscles. 





Fig. 2. Double ligatures placed on axillary artery and 
vein and single ligature on nerves. Insert shows injection 
of nerves above ligature with 95 per cent alcohol. 


sarcomas and others of low grade malignancy; 
those well confined to the bone, and those 
involving the lower half of the humerus may 
be treated by more conservative amputations 
at the discretion and experience of the op- 
erator. But the majority of the other bone 
sarcomas, particularly those involving the up- 
per end of the humerus; those extending 
upward through the entire medullary cavity 
and those which have extended beyond the 
confines of the bone to infiltrate surrounding 
normal tissues, are more suitable for inter- 
scapulothoracic amputation. 

5. The rule of Halstead and Corner that the 
amputation should be performed above the 
proximal attachments of the muscles which 
pass over it. Although this is a good funda- 
mental principle, it is perhaps too radical to 
be all-inclusive, because some neurosarcomas 
and osteosarcomas of low grade malignancy 
may be treated more conservatively. 

6. All malignant tumors invading the 
shoulder joint capsule. 

7. Infiltrating malignant tumors involving 
the deltoid, subscapularis, and pectoral mus- 
cles. This rule applies invariably to the 
unencapsulated neurosarcomas, rhabomyosar- 
comas, and fibrosarcomas but exceptions are 
admitted in the case of liposarcomas and the 
occasional lymphosarcomas which extend be- 
yond the lymph nodes to involve the sur- 
rounding soft tissues. In the case of these 
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4 Infraspinatus M. 
Deitoid M. 







Latissimus 
Dorsi M. 


Rhomboideus M 
Trapezius M. 


Fig. 4. The incision carried posteriorly shows the mus- 
cles attached to the scapula. 


latter two tumors, preliminary radiation ther- 
apy or even irradiation alone is the first pro- 
cedure of choice. Encapsulated neurosarco- 
mas, liposarcomas, or rhabdomyosarcomas 
may be successfully treated in some instances 
by radical dissection of the muscle groups 
containing these tumors with preservation of 
the extremity 

8. Inoperable axillary tumors adherent to 
blood vessels, brachial plexus, shoulder joint 


Ax. A.and V. 





Brachial plexus 


Trapezius M. 


Clavicle 





Fig. 5. Volsellum grasping scapula near the vertebral 
border. Scalpel dividing muscles along the vertebral border 
and beneath it (subscapularis muscle). 


and muscles, permitting no attempts at local 
excision, however radical. 

g. Sarcomas of the clavicle or scapula. Inter- 
scapulothoracic amputation is indicated (for 
these tumors) only when the location of these 
sarcomas is so intimate to the shoulder joint 
that partial or complete scapulectomy or resec- 
tion of the clavicle would not be possible or 
feasible, and especially if the arm is useless 
and painful. The entire scapula may safely 
be removed without too great disability and 


Pectoralis minor 









Pectoralis major 





Rhomboideus ™. 


Fig. 6. Wound ready for closure. Inserts demonstrate transverse linear scar. 
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Fig. 7. Case 7. Malignant melanoma, primary on the 
hand with metastases to epitrochlear and axillary lymph 
nodes and diffuse linear extension by permeation through 
the arm. Gross specimen shows extent of involvement. 
The mass in the upper arm was almost microscopically in- 
distinguishable from neurosarcoma. 


with preservation of the arm, if involved by 
chondrosarcoma or osteosarcoma of low grade 
malignancy. 

10. Relatively benign tumors causing symp- 
toms and disability because of their size and 
location, e.g., certain huge chondromas de- 
veloping in the neighborhood of the shoulder 
joint. 

OPERATIVE TECHNIQUE 
A. The Classical Berger Operation 


The patient is placed on his back with the 
involved shoulder elevated so that the skin 
can be prepared by antisepsis well beyond the 
midline, front, and back. The corresponding 
arm is well wrapped from fingers to shoulder 
and left free and mobile to be held by an as- 
sistant. By this means the arm may be held 
in various positions to facilitate the anterior 
or posterior dissection of the shoulder. Tour- 
niquets and Wyeth pins are unnecessary. 

A linear incision is first made over the mid- 
dle third of the clavicle and this incision is 
extended through the soft tissues to the 
periosteum. The middle third of the clavicle 
is now resected, usually with a Gigli saw. 
Through this window the subclavian vessels 
are exposed, with the artery more deeply 
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Fig. 8. Clinical photograph of type and regional location 
of tumor suitable for interscapulothoracic amputation. 
Osteosarcoma developing on basis of Paget’s disease of 
bone, Case ro (see Table IV). 


situated beneath the vein. At this point the 
modification of LeConte may well be given, 
as he advocates the resection of the entire 
clavicle, beginning with the sternoclavicular 
joint, for the avowed reason that this proce- 
dure does afford a better exposure of the sub- 
clavian vessels, particularly the artery which 
is to be ligated first, and it enables the opera- 
tor to recognize and ligate the suprascapular 
and transverse cervical vessels. This complete 
claviculectomy does give better exposure and 
is absolutely indicated if the clavicle is in- 
volved by the tumor, but it must be admitted 
that there are greater dangers of air embolism 
and injuries to the pleural dome and thoracic 
duct (on the left side). 

After exposure of the neurovascular bundle 
at the base of the neck, the subclavian artery 
is divided between ligatures of heavy black 
silk, and the vein is treated in a similar man- 
ner. The proximal stump of the artery and 
vein are always doubly ligated. The original 
skin incision is then carried almost to the tip 
of the acromion after which it is extended 
downward along the anterior axillary border. 
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Fig. 9. Case 15. Operative specimen of amputated hand 
and forearm. Note congenital neurogenic contractures of 
fingers associated with localized neurofibromatosis of this 
extremity. Multiple neurosarcomas appeared, first of 
hand, later of forearm (see cut), later of upper arm and 
finally of shoulder, necessitating interscapulothoracic 
amputation. 


The arm is then drawn across the body and 
the posterior flap is outlined by an incision of 
the skin along the vertebral border of the 
scapula, which unites with the anterior inci- 
sion along the lateral axillary border. The 
arm is then swung back to its original position 
and the anterior incision is deepened as far as 
the pectoral muscles. Division of the pectoral 
muscles now gives an excellent exposure of the 
brachial plexus. The surface of the plexus is 
painted with ro per cent cocaine and/or 2 
per cent novocain solution is injected into the 
nerve trunks. After division of the various 
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Fig. ro. Case 15. To illustrate the anatomical defect 
and character of the scar. This patient is now living and 
well more than 6 years following this operation for neuro- 
genic sarcoma. 


nerve components of the plexus, the ligated 
proximal stumps are injected with small quan- 
tities of g5 per cent alcohol to lessen the 
possibility of amputation neuromas and causal- 
gia. The arm is now brought forward again 
and the muscles of the posterior flap, along 
the vertebral margin of the scapula, are 
divided. Care is taken to clamp, sever, and 
ligate the transverse cervical artery before it 
retracts, if this has not been done at an earlier 
stage. With the scapula freed of its muscular 
attachments, the amputation is complete. The 
bleeding vessels are ligated with fine silk. The 
skin can usually be closed with interrupted 
black silk sutures. It heals with a surprisingly 
good linear scar. Since the adoption of the 
silk technique there has been less need for the 
use of drains. Skin grafting is resorted to 
in instances in which the size and the loca- 
tion of the tumor and the degree of skin 
involvement require a greater sacrifice of 
skin. 

The patient is usually able to be out of bed 
on the third postoperative day and home 
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Fig. 11, left. Case 16. Roentgenogram of osteosarcoma developing in a fractured 
bone cyst with persistent non-union. 


Fig. 12. Case 16. Osteogenic sarcoma. 


Clinical photograph illustrating regional 


location of tumor necessitating interscapulothoracic amputation. 


within 2 weeks. One of our patients had such 
good primary wound healing that she was 
able to start a 600 mile automobile trip on the 
ninth day after operation. 


B. The Anterior or Pectoral Approach 
of Kocher 


The only difficulty encountered during the 
Berger operation is the exposure of the sub- 
clavian vessels. The anterior approach sug- 
gested by Kocher avoids this handicap and in 
our hands has proved to be a welcome modi- 
fication of the original operation. After the 
middle third of the clavicle has been resected, 
the ligation of the subclavian vessels is post- 
poned until the anterior incision is carried 
through the pectoral muscles into the axilla. 
This part of the dissection is similar to the 
same phase in a radical mastectomy as the 
axillary artery and vein come immediately 
into view. With the more adequate exposure 
afforded by enlargement of the operating field, 
the subclavian vessels are more readily located 
and the underlying artery mobilized and li- 


gated without the previous hazard of injuring 
the overlying vein. 

From this point on, the operative tech- 
nique is exactly similar to that described. 


C. The Posterior or Retroscapular A pproach 
of Littlewood 


According to some advocates, particularly 
Knaggs, the posterior approach of Littlewood 
may be done with greater speed and more 
anatomical exactness. After division of the 
midthird of the clavicle, the posterior flap is 
outlined first and then the scapula is freed 
from its medial and superior muscular attach- 
ments. The supposed advantage of this tech- 
nique is that when the neurovascular bundle 
is encountered from the posterior aspect, the 
subclavian artery appears first, the vein sec- 
ond, and the brachial plexus last, in the exact 
order desired for ligation and severance. 


D. Additional Operative Details 


Cairo (1924) suggested a 2 stage operation 
in old patients, first disarticulating the hu- 
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Fig. 13. Case 19. Left, Ulcerating, fungating neurogenic 
sarcoma of forearm, treated by amputation through upper 
arm. Recurrence later developed in the axilla, which was 


merus and then doing the scapulectomy later. 
LaFaye did not resect the clavicle, but 
ligated the axillary vessels and disarticulated 
the humerus and the scapula from the clavicle. 
Kuster added a vertical excision over the 
sternomastoid muscle to the handle of the 
racquet incision along the clavicle. He as- 
serted that this gave a better exposure of the 
subclavian vessels and that it was particularly 
helpful in permitting primary ligation of the 
transverse cervical artery and vein. 


COMPLICATIONS 


Interscapulothoracic amputation is a radi- 
cal, major, and dramatic operation, but it is 
really a simple and safe procedure once the 
subclavian vessels are securely ligated. The 
exposure of these vessels is occasionally very 
difficult due to the location of certain bulky 
tumors which overlie the operative field. In 
thin-chested individuals, especially when the 
arm has long been useless, the subclavian 
vessels as they lie on the first rib must be 
looked for considerably above the clavicular 
incision. With the danger of hemorrhage 
avoided, the patient subjected to this opera- 
tion is relatively safe. In one of our recent 
patients, the subclavian vein was accidentally 
opened during a difficult attempt to free the 
artery; air was audibly aspirated into the vein, 
hemorrhage although great was controlled by 
compressing the vein with a finger against the 
lirst rib, and the patient went into shock. He 
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then treated by interscapulothoracic amputation. 
Fig. 14. Case 19. Character of wound 18 days after 
interscapulothoracic amputation. 


was restored by immediate transfusion as the 
vein was repaired and the operator allowed to 
proceed with the amputation. The patient 
recovered from this experience without any 
late complications. One of von Bergmann’s 
patients died from hemorrhage caused by ex- 
tension of the cancer around the subclavian 
vessels; this surgeon made a heroic effort to 
save his patient by tying off the superior vena 
cava. 

Shock is minimal when proper preoperative 
and sustaining measures are in use, such as 
blood transfusions, usually given concurrently 
during the operation using the opposite arm 
or leg. Due to fixation of the tumor, the 
pleural cavity may be entered with the com- 
plications characteristic of pneumothorax. In- 
jury to the thoracic duct by a left interscapu- 
lothoracic amputation may conceivably occur, 
but we have never seen or read of this oc- 
currence. 


CONSERVATIVE OPERATIONS VERSUS INTER- 
SCAPULOTHORACIC AMPUTATION FOR MA- 
LIGNANT TUMORS 


In the previous listing of indications for 
interscapulothoracic amputation, the com- 
parative values of this radical procedure with 
more conservative operations have been con- 
sidered. The practicability of the irradiation 
of certain liposarcomas and lymphosarcomas 
and the dissection of muscle groups containing 
encapsulated rhabdomyosarcomas and neuro- 
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sarcomas of low grade malignancy is recog- 
nized. One of us (B. L. C.) has published a 
series of case reports of scapulectomy for 
malignant tumors; the osteochrondrosarcomas 
of this bone may attain a large size without 
metastasizing. Although this operation has 
proved successful in the hands of some sur- 
geons, the cases should be properly selected. 
In an unbiased study of 65 malignant tumors 
of the scapula, Nancréde reported that not one 
patient had been cured by conservative meas- 
ures. 

In selecting one of these more conserva- 
tive procedures, such as scapulectomy or 
disarticulation of the humerus, the surgeon 
should do so with the firm belief that it is 
wholly sufficient as far as the local tumor is 
concerned, and not because he relies on an- 
other opportunity for local cure through a 
secondary or subsequent interscapulothoracic 
amputation. (Table I.) 

The Tikhor-Linberg operation. An operation 
planned by the Russian surgeon Tikhor and 
applied afterward by Bauman and Linberg 
has for its purpose the excision of the scapula, 
clavicle, and head of the humerus with pres- 
ervation of an extremity which functions 
slightly. A racquet incision is made along the 
clavicle, and the pectoral muscles are divided. 
The brachial nerve plexus and the subclavian 
artery and vein are dissected free and spared. 
A circular incision around the humerus deter- 
mines the lower level of the resection and the 
humerus is sawed through. By a posterior 
incision over the scapula, this bone together 
with the clavicle and upper segment of the 
humerus is sawed through. By a posterior 
incision over the scapula, this bone together 
with the clavicle and upper segment of the 
humerus is resected. The biceps and triceps 
muscles are sutured to the intercostal muscles 
anteriorly and posteriorly. At the completion 
of the operation the lower arm, forearm, and 
hand are intact, and the functions of the fore- 
arm and hand are partly retained, but of 
course shoulder and upper arm movements 
are no longer possible. A study of the case 
reports of this operation lends support to the 
belief that it is palliative only, because 
the patients who have not died have required 
subsequent operations for recurrences. 


ADVANTAGES OF INTERSCAPULOTHORACIC AM- 
PUTATION OVER DISARTICULATION FOR 
MALIGNANT TUMORS OF THE UPPER ARM 


The following advantages of interscapulo- 
thoracic amputation over disarticulation for 
malignant tumors of the upper arm may be 
mentioned: 

1. The lymphatics and veins are removed 
at a much higher level. 

2. The shoulder muscles with their natural 
fascial planes are entirely removed, which is 
especially important if the tumor has shown 
invasive tendencies. 

3. The more radical operation not only per- 
mits dissection of the axilla but a removal of 
the axillary boundaries. 

4. The mortality is no greater. The 31 con- 
secutive interscapulothoracic amputations re- 
ported in this article were done without an 
operative death which is proof enough of the 
safety of this operation. 

5. The wounds resultant after interscapulo- 
thoracic amputation heal more satisfactorily 
as there are practically no dead spaces to be 
obliterated. 

6. The deformity is greater but not enough 
to be a deciding factor. 

7. Interscapulothoracic amputation is often 
done for a malignant tumor recurrent in the 
stump of the disarticulation. This very fact 
would indicate that the original disarticula- 
tion had not been wisely chosen as the proper 
operation. Consecutive operations finally ter- 
minating in interscapulothoracic amputation 
appear in every reported series, including our 
own (see Cases 15, 19, and 29 in Table IV). A 
patient with a neurosarcoma or fascial sar- 
coma of the hand, wrist, or forearm relates a 
history of one or more local excisions with 
recurrences developing each time proximal to 
the scar; finally amputation of the forearm, 
later of the arm, and still later disarticulation 
of the humerus may be done for proximally 
recurring tumors usually with increasing de- 
grees of malignancy. Yet in retrospect for 
each individual patient in whom this series of 
events occurs, few surgeons would advise so 
radical a primary procedure as interscapulo- 
thoracic amputation for a sarcoma originat- 
ing, for example, in the forearm. 
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END-RESULTS 

In a comparative study of end-results 
grouped in periods of medical effort, the stat- 
istician must carefully analyze the collected 
data for sources of possible error. For exam- 
ple, the number of long term survivals of 
patients with ‘‘sarcoma” following interscap- 
ulothoracic amputation listed in Buchanan’s 
report prior to 1900 is much greater than the 
number surviving in the series we have col- 
lected and which were reported from 1900 to 
date. The surgical technique, facilities for 
early diagnosis, and more detailed knowledge 
of the life history of these malignant tumors 
have unquestionably improved, and yet the 
same good end-results are not achieved. The 
explanation probably lies in correct histo- 
logical classification and diagnosis, for ex- 
ample, giant cell “sarcoma” of bone is now 
more commonly referred to as benign giant cell 
tumor of bone. 

Histological type of tumor in relation to age 
of patient. As the sarcomas which comprise 
the majority of tumors for which this opera- 
tion is done, are more common in young 
adulthood, the average age of 33 years for 
these patients is what would be expected. Be- 
cause the operation does not cause much sur- 
gical shock, it may be safely done in the case 
of elderly patients, if there are no other con- 
traindications. The youngest patient was 12 
years and the oldest patient was 72 years of 
age. 

The average ages of patients with the dif- 
ferent histological types of tumors for which 
this operation was done was: with osteogenic 
sarcoma, 23 years; with other malignant bone 
tumors, 48 years; with neurogenic sarcoma, 
38 years; with rhabdomyosarcoma, 52 years; 
with melanoma malignum, 40 years; and with 
squamous cell carcinoma, 63 years. 

Eighteen of the 31 interscapulothoracic am- 
putations were for malignant bone tumors. 
During the past 6 years, there has been a 
growing tendency at the Memorial Hospital 
to perform this operation more frequently for 
neurosarcomas and rhabdomyosarcomas of 
the upper arm and shoulder. 

Duration of symptoms in relation to histo- 
logical type of tumor. (Memorial Hospital 
Series.) The malignant tumors of the soft 


somatic tissues, i.e., neurosarcomas, rhabdo- 
myosarcomas, and soft part sarcomas of un- 
determined histogenesis, present a longer 
latent period between the date of the first 
symptoms and the interscapulothoracic am- 
putation, than do the malignant bone tumors, 
not because of slower growth or lessened de- 
gree of malignancy but because the necessity 
for a radical surgical procedure does not seem 
so urgent. Patient and surgeon alike are more 
content to temporize with conservative meas- 
ures if the sarcomas do not involve bone. 
Primary or immediate interscapulothoracic 
amputation is more likely to be acceptable 
and to be done for.malignant tumors of bone 
than for sarcomas of the soft somatic tissues. 
For example, the duration of symptoms before 
this operation for the various histological 
types of tumors was: for osteogenic sarcoma, 
6 months; for other malignant tumors of bone, 
4 months; for neurogenic sarcoma, 60 months; 
for rhabdomyosarcoma, 16 months; for other 
soft part sarcomas, 25 months; for squamous 
cell carcinoma, 36 months; and for malignant 
melanoma, 3 months. 

Type of previous operation (Memorial Hos- 
pital Series). In our experience, the formal 
incisional biopsy of sarcomas is a dangerous 
operation and from the viewpoint of prog- 
nosis should almost be considered a major 
procedure. The so called local excisions of 
soft part sarcomas, as performed at the Me- 
morial Hospital, are not enucleations but radi- 
cal dissections with sacrifice of normal tissues 
surrounding the neoplasm. Thirteen, or 42 
per cent, of our 31 patients had undergone 
previous operations, such as formal incisional 
biopsy, 5; local excision, 1; 2 excisions, 1; 
3 excisions, 1; 5 excisions, 1; 7 excisions 1; 
and lesser amputations, 2. 

Type of operative technique (Memorial Hos- 
pital Series). Twenty-one of the interscapulo- 
thoracic amputations were done according to 
the Berger classical procedure. The 10 -re- 
maining operations were performed chiefly 
during the past 5 years by the Kocher 
anterior and pectoral approach which will 
undoubtedly gain favor because it can be 
performed with greater ease and safety. 

Effect of preoperative irradiation on end- 
results (Memorial Hospital Series). Of the 
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TABLE V.—END-RESULTS OF INTERSCAPULO- 
THORACIC AMPUTATION (MEMORIAL HOSPI- 
TAL SERIES) 








End-results No. Per cent 
St ate. We aoa 31 100.0 
Dead 
From pulmonary metastasis........ 15 48.4 
From pulmonary metastasis and 
oe Seer 4 12.9 
From local recurrence............. 3 9.7 
From sarcomatosis................ I 3.2 
rrr I 3.2 
IE reins Sonn nu iecarecele as 24 77.4 
Living 
With pulmonary metastasis........ I 3.2 
Without disease.................. 19.4 
SR neni Re eer ree ’ 22.6 


patients surviving at the time of this report, 
2 who had no preoperative irradiation are 
clinically well for 11 and 67 months, respec- 
tively, after the operation. Five patients who 
had preoperative irradiation are living, 1 with 
metastasis 4 months later, and 4 without 
clinical evidence of recurrence for 20, 30, 60 
months, respectively. Rocher and Papon as- 
sert that preliminary irradiation permits later 
interscapulothoracic amputation, but no case 
reports were presented to support this con- 
tention. The application of irradiation as a 
means of avoiding this major amputation is a 
different matter entirely from the selective 
use of irradiation as a preoperative measure. 
It is different to evaluate the benefits of such 
therapy and it certainly cannot be done by a 
study of our own end-results, because we have 
been so liberal in giving x-ray and radium 
therapy to these patients. One would think 


TABLE VI.—POSTOPERATIVE DURATION IN RE- 
LATION TO TYPE OF TUMOR (MEMORIAL HOS- 
TAL SERIES) 


: : Number Postopera- Range 
Histological type of tive duration in 
of tumor cases in months months 
Osteogenic sarcoma......... 15 18.5 5to 67 
Neurogenic sarcoma........ 5 31.0 I1 to 60 
Soft part sarcoma (undeter- 
mined histogenesis)....... 3 19.7 8 to 39 


Malignant bone tumor other 


than osteogenic sarcoma... I 21.0 
Rhabdomyosarcoma........ 4 9 4to 16 
Squamous cell carcinoma.... I 108.0 
INN 5 goo wicalocnniras sacs I 13.0 
Malignant tumor unclassified. 1 2.0 





TOO COMER. 5 ono csces I 21.8 5 to 108 


that interscapulothoracic amputation would 
suffice as the sole treatment if the line of in- 
cision were well above the upper limits of the 
tumor and that any preoperative adjuvant 
measures would be superfluous. Nevertheless, 
our past experience in dealing with sarcomas 
of the soft somatic tissues of other regions has 
indicated that there is greater freedom from 
local recurrence and distant metastases if pre- 
liminary irradiation is given. This is especially 
true for the liposarcomas. The reason for this 
is hard to fathom unless it could be that the 
trauma which is associated with the operation 
causes immediate dissemination of metas- 
tases; the lethal or abiotic action of the pre- 
liminary x-ray or radium therapy could 
conceivably lessen this hazard. 

Patients living at the time of report (Table 
V). Of the osteogenic sarcoma group 2 pa- 
tients were without disease, 60 and 67 months, 
respectively ; of the neurogenic sarcoma group, 
3 were without disease, 11, 30 and 60 months, 
respectively; of the soft part sarcoma (unde- 
termined histogenesis) group, 1 was without 
disease, 12 months; and of the rhabdomyo- 
sarcoma group, I wasliving with recurrence and 
pulmonary metastases, 4 months. The patient 
with squamous cell carcinoma lived 9g years 
without evidence of recurrence or metastasis 
and then died of apoplexy. 
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TREATMENT OF PERITONITIS 


Intraperitoneal Use of the Sulfonamides Based Upon Animal Experiments 


C. H. EPPS, M.D., E. B. LEY, M.D., and R. M. HOWARD, M.D., F.A.C.S. 
Oklahoma City, Oklahoma 


HE bacteriostatic effect of the sulfon- 
amides! is a well established fact in 
the mind of the clinician, and the ever 
increasing literature serves to signify 
that this mode of action has a sound experi- 
mental basis while the details of its inhibitory 
effect are still in the theoretical stages. 

In a very comprehensive article, Lockwood 
advances a hypothesis which supplies a theo- 
retical framework upon which a complete 
scheme of sulfonamide chemotherapy may be 
constructed. He specifies the following 3 prin- 
cipal factors which should tend to modify the 
curative effect of the sulfonamide compounds: 
(1) concentration of the drug maintained in 
the immediate environment of the bacteria; 
(2) the mobilization of cellular defenses; (3) 
concentration of sulfonamide inhibitor sub- 
stances. It is with the first factor that we find 
our chief interest in this experiment. 

It is reasonable to believe that if the local 
concentration of the drug can be immediately 
elevated and maintained at the site of action 
of the invading organism or at an anatomical 
or pathological point, the chances for a favor- 
able outcome should be greatly superior to a 
route of administration which primarily pro- 
motes an elevated concentration systemically. 

As to the ability to kill beta hemolytic 
streptococcus in vitro, Colebrook, Buttle, and 
O’Meara have definitely shown no essential 
difference between sulfanilamide-laden blood 
from a treated patient and chemically treated 
blood from a normal individual. 

Many workers (3, 7, 9) in various fields have 
endorsed the drugs as valuable for their local 
effectiveness. During the past year the atten- 
tion of many abdominal surgeons has been 

From the Department of Surgery, Oklahoma State University 
Hospital. 

Dr. Ley, Corwin Hospital, Pueblo, Colorado. 


1“Sulfonamide” is employed to include the three drugs of 
greatest current use: sulfanilamide, sulfapyridine, sulfathiazole. 
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drawn to the possibilities of intraperitoneal 
use of the sulfonamides in the treatment of 
peritonitis. Thompson, Rosenburg, Dees, and 
others have reported the intraperitoneal use of 
crystalline sulfanilamide in the treatment of 
appendiceal peritonitis. It has been our experi- 
ence from clinical and necropsy findings that 
powdered material in the peritoneal cavity is 
quickly walled off by omentum and is ulti- 
mately dependent upon absorption and sys- 
temic concentration for its local effect. 

We have carried out a series of animal ex- 
perimentations in which we attempted a 
comparative study of the sulfonamides in 
solution or suspension by the systemic and 
local routes of administration. 

In order to study this problem, it was 
necessary to produce an experimental appen- 
diceal peritonitis comparable to that in man. 
The method described by Bower, Burns and 
Mengle (1) was used: The mesentery and base 
of the appendix were ligated and a large dose 
of castor oil was given to produce perforation 
and generalized peritonitis. 

The wounds were sutured in layers, a small 
opening being left at the upper end where a 
through and through mattress suture was left 
untied. After 12 to 18 hours, the skin was 
prepared with iodine and alcohol, and a sterile 
sponge forceps was introduced into the perito- 
neal cavity and rotated in a stirring motion to 
insure a generalized spread of the infection, 
and to a certain extent, simulate the spread 
and trauma associated with the operation. 
Sterile applicators were then inserted for cul- 
tures, and the mattress sutures were tied. 
Postmortem cultures were not taken because, 
usually, the animals had been dead an hour or 
two before being discovered. 

As shown by Bower, Burns, and Mengle 
(2), the bacteriology is strikingly similar in 
man and dog and, therefore, results obtained 
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in these experiments should be quite similar to 
those expected in man. The bacteriology of 
our experiments is summarized in Table I. 
Plain agar, blood agar, Endo’s agar and anaero- 
bic brain-heart infusion broth were routinely 
inoculated, and transfers to the various sugars 
were made as necessary to identify the individ- 
ual organisms. The high incident of Clostri- 
dium welchii leads one to the conclusion that 
had therapeutic serum been used, the mortal- 
ity rate could have been lowered appreciably. 
This was the original intention of the authors, 
but Army reserve commissions interrupted the 
study (Table I). 

There were 5 groups of 10 dogs each, 1 group 
of 12 dogs, and 1 group of 8 dogs. The results 
are tabulated in Table II and discussed more 
fully under individual experiments. The larger 
number of dogs in the bacteriological table is 
explained by the fact that many dogs died 
within 24 hours or that their wounds drained 
spontaneously and thus were discarded from 
the reported groups (Table II). 


EXPERIMENT I 


A control group of 10 dogs was established 
with a mortality rate of 100 per cent. This 
group consisted entirely of adult dogs whose 
wounds did not drain and who survived more 
than 24 hours. Dogs dying within 24 hours 
would not allow time for treatment and were, 
therefore, unsatisfactory for other experiments. 

Dogs in this group were given food and 
water, as in all groups, but received no treat- 
ment. The wounds were opened in 24 hours 
for culture and then the mattress sutures were 
tied. These dogs all developed signs and symp- 
toms of generalized peritonitis, characterized 
by leucocytosis, elevation of temperature, 
vomiting, and abdominal rigidity and tender- 
ness. The average duration of life was 41.4 
hours; most of the dogs died at 36 hours. 

The standards agreed upon in the selection 
of this group were rigidly adhered to in all of 
the following experiments. 


EXPERIMENT II 


A group of 10 dogs was used in which treat- 
ment was started within 18 hours by an 0.8 
per cent solution of sulfanilamide subcutane- 
ously. One daily dose of 0.14 grams per kilo- 


TABLE I.— BACTERIOLOGY OF EXPERIMENTALLY 
PRODUCED APPENDICEAL PERITONITIS IN 
86 CONSECUTIVE DOGS 


Organism Dogs Percentage 
Staphylococcus albus...............- 28 32-5 
Anaerobic streptococcus.............. 24 27.9 
A EE Seer er 23 26.7 
Streptococcus fecalis.............0056. 3 3.4 
Clostridintth WERE. «..... 00.0250 000e 13 15.1 
Gram positive rod of the listerella group II 12.8 
Nonhemolytic streptococcus.......... 6 ~§= 6.9 
Staphylococcus aureus..............- 6 6.9 
Streptococcus viridans............... 5 5.8 
eS 3 3-4 
PUNE WEI so. 5 ico aine ches eaten’ 2 2.3 
Staphylococcus citreus............... 2 2.3 
Aerobacter aerogenes................ I 1.16 
Gram negative rod of Salmonella group I 1.16 
Ge I 5 aos hiiececcceascssees I 1.16 
Anaerobic staphylococcus............. I 1.16 
Hemolytic streptococcus............-- I 1.16 


gram of body weight was given in small 
amounts over the neck and back. Care was 
used not to overdistend the tissues in any one 
area, but in spite of this, most of the surviving 
animals developed skin sloughs. The average 
sulfanilamide blood level was 6.0 milligrams 
per cent and the highest obtained was 16.0 
milligrams per cent. Of the dogs not surviving 
the experiment, the average duration of life 
was 55 hours. Autopsy showed no gross evi- 
dence of damage to the liver or kidneys but did 
show cloudy purulent peritoneal fluid and red- 
ness of peritoneum. The 5 surviving dogs (50 
per cent) killed and subjected to postmortem 
examination later, showed only a few adhe- 
sions to the cecum and lateral wall. 


EXPERIMENT III 


Sulfanilamide (0.8 per cent solution) was 
administered intraperitoneally in 2 doses daily 
totaling 0.07 grams per kilogram of body 
weight. The dosage was reduced to 0.07 grams 
per kilogram of body weight because the first 
group of dogs given a dose of 0.14 grams per 
kilogram of body weight all expired within a 
few hours. Autopsy, however, failed to reveal 
any reason for the rapid death. 

The drug was administered through a large 
bore needle which was found most convenient 
for these animals. Tubes sutured in place 
were pulled out by the animals, and drainage 
tracts resulted. 

In this group the mortality rate was 50 per 
cent with an average survival of 58 hours. The 
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TABLE II.—COMPARATIVE STUDY OF SULFON- 
AMIDES IN THE TREATMENT OF EXPERI- 
MENTALLY PRODUCED APPENDICEAL PERI- 
TONITIS IN DOGS 


Num- Num- Num- Mor- 
ber ber ber of tality 


of of recov- per 

Experiments dogs deaths eries cent 

DC, iiiexcewnececnns 10 10 ° 100 
II. Sulfanilamide subq. 0.14 

Rca cncanincnenaconr 10 5 5 50 


III. Sulfanilamide, intraperi- 

toneally 0.07 gm./kilogram 

daily divided doses ....... 10 5 5 5° 
IV. Sulfanilamide, intravenous- 

ly 0.14 gm./kilogram daily 

Givided Goses.. .........+. 10 8 2 80 
V. Sod. Sulfapyridine, intra- 

peritoneally 0.07 gm./kilo- 

gram daily divided doses... 12 6 6 5° 
VI. Sulfathiazole, intraperito- 

neally 0.14 gm./kilogram 

UN ccrnines acannenc ass 10 4 6 40 
VII. Sulfabenamide, intraperi- 

toneally 0.14 gm./kilogram 

Es ha. aatesen ra baaenaes 8 7 I 87 


highest blood level observed was 12 milligrams 
per cent, the average being 2.8 milligrams per 
cent. The peritoneal cavity of the dogs suc- 
cumbing to the infection contained dark, green- 
ish brown, purulent fluid, sloughed appendices 
but no leakage from the cecum. The surviving 
dogs killed 2 weeks after cessation of treat- 
ment showed normal peritoneal cavities except 
for a moderate amount of free fluid which, in 
2 cases, was definitely bloody. The liver and 
kidneys were grossly normal. 


EXPERIMENT IV 


This group was treated with sulfanilamide 
(0.8 per cent solution) intravenously, in 2 
doses daily, totaling 0.14 grams per kilogram 
of body weight. The mortality rate was 80 
per cent with an average survival of 48.5 hours. 
The average blood level was 4.0 milligrams 
per cent. 

The autopsy findings in this group were not 
significantly different from those of Experi- 


ment II. 
EXPERIMENT V 


Sodium sulfapyridine, 1 per cent solution, 
was given this group of animals intraperi- 
toneally in 2 doses daily, totaling 0.07 grams 
per kilogram of body weight. The mortality 
rate was 50 per cent; average survival 46 
hours. The blood level in all the dogs, 12 
hours after dosing, was below 1 milligram per 


cent. All dogs not surviving the experiment 
showed purulent fluid and generalized perito- 
neal inflammation. One abdomen contained a 
large amount of bloody fluid. Of the survivals, 
2 showed very small omental abscesses (2 to 5 
c.cm.), whereas the 3 others had normal peri- 
toneal cavities with very few adhesions. No 
gross liver or kidney damage was observed in 
either group. 


EXPERIMENT VI 


Sulfathiazole, being somewhat less soluble 
than the other sulfonamides, was given in 1 
per cent solution and suspension, and it was 
so well tolerated that 2 doses daily, totaling 
0.14 grams per kilogram of body weight were 
given. The mortality of this group was 40 per 
cent; the average survival time, 38 hours. The 
average sulfathiazole blood level was 4.3 milli- 
grams per cent with 22.9 milligrams per cent 
the highest observed. 

Postmortem examinations on death showed 
generalized peritonitis and purulent fluid. The 
appendices were sloughed in all cases yet the 
ligatures at the cecum held. Of the 6 surviving 
dogs killed 1 week later, 2 had 300 to 500 cubic 
centimeters of bloody fluid with an injected 
peritoneum. The 4 other surviving dogs had 
very small omental abscesses containing about 
5 cubic centimeters of purulent exudate at the 
ileocecal juncture. Otherwise, the peritoneum 
was normal. 

EXPERIMENT VII 

In this group sulfabenamide (4-N-capro- 
amidobenzenesulfonhydroxamide) was dis- 
solved in one-tenth normal sodium hydroxide 
and neutralized with normal lactic acid. The 
resultant 1 per cent solution was nonirritating 
and, according to Moore et al. is caproylamino- 
benzenesulfinic acid which is thought by 
other observers to retain some therapeutic 
activity. Eight dogs were treated in this group 
by 2 intraperitoneal doses daily, totaling 0.14 
grams per kilogram of body weight. Seven, 87 
per cent, of the 8 dogs died having 57 hours as 
an average survival time. The 12 hour blood 
levels in these dogs were all below 1 milligram 
per cent. The drug itself was not considered 
responsible for the deaths, as twice this dosage 
was given intraperitoneally as a single dose to 
normal animals with no apparent bad effects. 
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The necropsy findings of the succumbed ani- 
mals were those of generalized peritonitis. 
Autopsy on one surviving dog showed only a 
few adhesions in the region of the cecum. 
Although the mortality rate does not speak 
well of the therapeutic efficacy of this drug, the 
experiment does eliminate the possibility of 
any of the animals in other experiments being 
saved by parenteral fluids rather than from 
specific action of the drugs administered. 


ANALYSIS OF STUDY 


The primary intention of this experiment 
was to determine the therapeutic value of the 
sulfonamides when applied locally in the treat- 
ment of peritonitis. Sulfanilamide was used as 
a standard to develop a safe and effective route 
of administration. The results as tabulated 
in Table II would seem to indicate that sub- 
cutaneous or intraperitoneal administration is 
preferable to the intravenous method. This is 
best explained by the relatively short action of 
the drug when given by the intravenous route. 

Of the 4 drugs used intraperitoneally, sulfa- 
thiazole seems to be the most effective. This 
may in part be due to the fact that part of the 
drug was given in suspension which provided a 
longer time of action before complete absorp- 
tion took place. We fully realize that the 
number of dogs in each group is too small for 
positive and definite conclusions, but we are 
certain that any one of the sulfonamides may 
be administered intraperitoneally with safety 
and without deleterious effect to the peri- 
toneum or intraperitoneal organs. The usual 
toxic manifestations, of course, must be antici- 
pated and treated appropriately if they arise. 

Sulfanilamide intraperitoneally in the treat- 
ment of peritonitis seems definitely and un- 
questionably of value as proved by Mueller 
and by Jackson. In all of these cases, the drug 
was given in powder form. This necessitated 
a large initial dose, and any indicated subse- 
quent intraperitoneal therapy with powder 
was difficult or was restricted to some other 
form and route of administration. Sodium 
sulfapyridine has been used intraperitoneally 
in a 4 per cent solution in 10 cases at The 
Oklahoma University Hospitals. The results 


have been spectacular and the ease of admin- 
istration remarkable. It can be given through 
the drainage tube in small divided doses or 
larger single doses, or by a continuous drip 
method, and repeated checks on the blood 
level can dictate the necessary dosage. In 
none of the cases in which the drug was given 
only by the intraperitoneal route were serious 
toxic manifestations encountered. There is 
evidence to indicate that combined therapy 
may be more hazardous. 


CONCLUSIONS 


1. Sulfanilamide, sodium sulfapyridine, or 
sulfathiazole may be administered intraperi- 
toneally in solution or suspension in proper 
dosage, with no deleterious effect. 

2. Intraperitoneal use of the sulfonamides 
is effective in the treatment of peritonitis. 

3. Of the three sulfonamides, sulfathiazole 
appears to be the most effective in the local 
treatment of peritonitis. 

4. Subcutaneous administration of sulfa- 
nilamide frequently resulted in skin sloughs. 

5. Proper dosage is essential. The usual 
toxic manifestations may be expected and 
treated appropriately. 


The authors wish to acknowledge the splendid coopera- 
tion of Ida Lucille Brown Wallace, instructor in the De- 
partment of Bacteriology, University of Oklahoma School 
of Medicine, who made the bacteriological studies in this 
experiment. 
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RETROCECAL APPENDIX 


Its Diagnosis and Surgical Approach 


WILLIAM T. HARSHA, M.D., F.A.C.S., Chicago, Illinois 


HE single definite diagnostic feature 

of retrocecal appendicitis is a vertical 

line of tenderness, starting at the 

iliac crest, 6 to 8 centimeters behind 
the anterior superior spine and extending ver- 
tically upward, the distance of the involved 
appendix, often to the rib margin. 

The intensity of the initial symptoms is 
modified by the position. Both pain and vom- 
iting are initially slower in their development 
and less intense in character. The appendici- 
tis syndrome from the appendix situated retro- 
cecally can be compared to the syndrome of 
obstructive lesions of the lower bowel. The 
clinical picture of high bowel obstruction is 
similar to the freely placed acute appendicitis, 
while retrocecal appendicitis presents a clini- 
cal picture similar to that of lower bowel ob- 
struction. Some systematic differential plan, as 
suggested by Sloan', should be borne in mind 
in confirming the general diagnosis of appendi- 
citis before the search for localization is begun. 

The following method of approach permits 
the removal of a retrocecal appendix with a 
minimum amount of contamination of the 
peritoneal surface. 

The incision is made parallel to and about 2 
centimeters lateral to the outer rectus margin, 
starting about 8 centimeters above the level of 
the umbilicus and following the outer margin 
of the rectus abdominis down to the level of 
the internal pillar of the external abdominal 
ring. This incision is curved with the convex- 
ity directed outward. The incision is carried 
down to the fascia of the external oblique; the 
fascia is exposed for the entire length of the 
skin incision (Fig. 1). 

At the level of the anterior superior spine of 
the ilium and about 1 centimeter lateral to the 
border of the rectus muscle, the external 
oblique aponeurosis is incised vertically, and 
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this incision is extended upward and down- 
ward to the limits of the skin incision (Fig. 2). 
The fibrous aponeurotic margins of the exter- 
nal oblique separated by the incision are held 
by hemostats as landmarks in closure (Fig. 2). 

The internal oblique and transversalis mus- 
cles are separated by blunt penetration with 
scissors to the preperitoneal fat, then by 
hooked digital retraction directed upward and 
downward are separated horizontally in the 
direction of their fibers, thus exposing the 
outer surface of the peritoneum and the pre- 
peritoneal fat. The under surface of the trans- 
versalis muscle is now separated from the 
peritoneum below to the level of the inguinal 
ring, above to the upper level of the incision, 
medially the peritoneum remains in its normal 
anatomic relation, but laterally and poste- 
riorly from the iliac fossa, from the tip of the 
iliac crest around the posterior surface of the 
cecum, reaching medially to the level of the 
ureter, so that the cecum can be mobilized 
and the posterior wall can be elevated and 
rotated anteriorly and medially. 

Palpation of the posterior wall of the cecum 
now discloses the tumor of the inflamed ap- 
pendix (Fig. 3). Turning the cecum antero- 
medially, directing the posterior wall ante- 
riorly, and retracting outside the peritoneum 
(the overlying small bowel), access may now 
be had to the peritoneum overlying the dis- 
eased area (Fig. 3). The peritoneum is intact 
until this next step. 

Fig. 1. Wide separation of external oblique aponeurosis 
from internal oblique. 

Fig. 2. Digital retraction of internal oblique and trans- 
versalis from peritoneum, the starting point for separation 
of the peritoneum posteriorly. 

Fig. 3. Rotation of cecum anteriorly, showing under- 
lying tumor of the appendix. Allis forceps are on the un- 
opened peritoneum. 

Fig. 4. Peritoneum opened and appendix extruded. 

Fig. 5. Removal of appendix. 


Fig. 6. Showing type of appendix, hemorrhage into lu- 
men, and fecalith. 
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Retrocecal Appendix, Its Diagnosis and Surgical A pproach.—W illiam T. Harsha. 






























HARSHA: RETROCECAL APPENDIX 


This peritoneum is now incised and the ap- 
pendix is permitted to extrude itself. It can be 
gently aided if needed (Fig. 4). The presence 
of fecaliths with necrosis of the wall of the 
appendix in this position necessitates extreme 
care in handling at this point, as the appendix 
in this position is often friable (Fig. 5). 

If an abscess cavity of limited area exists 
around the posterior cecal wall, the anterior 
margin of the peritoneum may be sutured to 
the posterolateral cecal wall or to the lateral 
cecal wall, exteriorizing from an abdominal 
point of view the infected area. If necrosis of 
the posterior wall of the cecum has occurred, 
it should be inverted by sutures. Into this 
area a Mikulicz drain is placed through a lum- 
bar stab wound. The closure of this perito- 
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neum is otherwise without drainage, and the 
wound is closed in layers with sutures of 
catgut. 


SUMMARY 


Acute retrocecal appendicitis may be recog- 
nized clinically by a vertical line of tenderness 
extending upward from the iliac crest, 6 to 8 
centimeters posterolateral to the anterior su- 
perior spine, to the tip of the appendix, often 
below the rib margin. 

The clinical course is often slower in devel- 
opment than other types, due to the relative 
absence of peritonitis. 

A surgical approach to this retrocecal ap- 
pendix which has proved of advantage is 
described. 





THE TONUS 


OF THE UTERUS DURING PREGNANCY AND 


ITS RELATION TO LABOR 
A Study of 1028 Observations Made With the Lorand Tocograph 


DOUGLAS P. MURPHY, M.D., F.A.C.S., Philadelphia, Pennsylvania 


BSTETRICIANS have paid little 
attention to the hardness or tonus 
of the human uterus that is present 
between the intermittent contrac- 

tions which occur during pregnancy. This has 
been due chiefly to the lack of a suitable means 
for measuring it. The development of the toco- 
graph (1) however, has supplied such a need. 
It has demonstrated that tonus varies from 
patient to patient at identical periods during 
pregnancy, as well as in the same px tient at 
different times. 

It need hardly be mentioned that the char- 
acter of labor varies likewise from patient to 
patient, and it is equally well known that we 
do not possess, at the present time, any means 
for predicting what the nature of the labor 
may be. These facts raised the question as to 
whether there might not be a significant corre- 
lation between the tonus of pregnancy and the 
character of the labor. If such were the case, 
the information resulting from a considera- 
tion of the relationship would have detinite 
practical value; and if not, a study of tonus 
would at least throw some light upon a little 
understood characteristic of uterine physiol- 
ogy. 

In previous communications (2, 3) we re- 
ported upon the variations in the tonus of the 
uterus which occur during pregnancy and 
labor. These observations were relatively few 
in number. Since they were published, addi- 
tional ones have been made, which include the 
recording of some unusually high degrees of 
tonus. These facts, together with our desire to 
determine the exact relation between preg- 
nancy tonus and the character of labor, have 
led to the present re-examination of all of our 
available material. 


From the Gynecean Hospital Institute of Gynecologic Re- 
search, Department of Obstetrics and Gynecology, University of 
Pennsylvania. 


MATERIALS AND METHODS 


The observations were made between Au- 
gust, 1938, and April, 1941, upon patients at- 
tending the Maternity Department of the 
Hospital of the University of Pennsylvania, 
and ones residing in a private maternity 
home in Philadelphia. 

Measurements of tonus were secured with a 
Lérand tocograph which has been described 
fully elsewhere (1). In brief, however, it is a 
mechanical kymograph, which registers uter- 
ine movements through the medium of the 
abdominal wall. 

Tonus is measured in the following manner: 
The clockwork of the tocograph is started, and 
the recording pen is allowed to draw a base 
line upon the recording paper before the ma- 
chine is placed upon the patient. With the 
latter in the supine posture the tocograph is 
then placed upon the most prominent part of 
her abdomen. 

If the uterus is relatively soft when the toco- 
graph is placed upon the abdomen, the button 
projecting from the bottom of the machine 
buries itself full length in the abdominal wall, 
and thus the recording pen connected with the 
button fails to be dislodged from its base line 
position. Under these conditions, the patient 
is classified as exhibiting no increase in tonus 
(Fig. 1, 226). Above a certain, yet unknown, 
degree of uterine tonus, the tocograph button 
meets sufficient resistance in the abdominal 
wall to displace it into the machine, thus dis- 
lodging the recording pen from its base line 
position. Under these conditions, the patient 
is classified as exhibiting an increase in tonus 
(Fig. 1, 1273). The amount of the latter is esti- 
mated in terms of the distance traversed by 
the pen; under extreme circumstances this 
may reach a maximum of 25 millimeters. For 
a more detailed consideration of the condition 
represented by the term tonus, the reader is 
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Fig. 1. Illustrating the tocographic recording of non- 
measurable (low) and measurable ede high) uterine 
tonus during pregnancy. Tracing 226, patient a tripara. 
Record made day before onset of labor. Tocograph placed 
on abdomen at A and removed at B. Note absence of any 


referred to the evaluation which appears at 
the end of this report. 


RESULTS 


A group of 435 patients supplied a total of 
1,028 tocographic records. These were secured 
from the 79th day of pregnancy to the day be- 
fore labor, inclusive. The number of records 
per individual appears in Table I. The obser- 
vations are presented under two headings: 
(1) “Tonus in Relation to Pregnancy,” and 
(2) ““Tonus in Relation to Labor.” 

Tonus in relation to pregnancy. In a se- 
lected group of individuals recordings were 
made at regular intervals. Table IT shows the 
incidence of tonus and its degree in 15 pa- 
tients who were observed at weekly intervals 
throughout the 9 or more weeks immediately 
preceding labor. A measurable increase in 
tonus occurred rarely before the 33rd week of 
gestation; even after that time, both the inci- 
dence and degree varied widely. Patient 14 
registered no increase at any time before the 
onset of labor. In contrast to her, patient 6 
exhibited measurable tonus as early as the 
30th week, and practically every week there- 
after. Patient 4 showed no tonus until the last 
week of gestation. 

The presence of measurable tonus at any 
one time was no indication that it would be 
found at the time of subsequent recordings, 
though such was more likely to be the case. 
These data emphasize the variability with 
which a measurable increase in tonus appears 
in the same person from week to week, and in 
different persons at the same period of gesta- 
tion. 

In an unselected group of individuals re- 


cordings were made at irregular intervals 
(Tables III, IV, and V). 





t 


shift of base line at these points. Tonus nonmeasurable. 
Tracing 1273, patient a tripara. Record made day before 
onset of labor. Tocograph placed on abdomen at A and 
removed at B. Note elevation of base line between these 
two points. Tonus measurable and quite high (13 mm.). 


The influence of advancing pregnancy upon 
the incidence of a measurable increase in 
tonus is given in Table III which lists the per- 
centage of tocographic tracings registering a 
measurable amount of tonus, arranged accord- 
ing to gravidity and to the time in pregnancy 
that they were secured. This degree of tonus 
was observed in primigravidas as early as the 
6th lunar month of pregnancy, but not until 
the 7th month in the case of multigravidas. 
Primigravidas exhibited their first significant 
increase in the incidence of measurable tonus, 
during the 8th month, whereas multigravidas 
did not do so until one month later. During 
the roth lunar month, 58.6 per cent of tracings 
of primigravidas showed an increase in tonus, 
in contrast to 37.9 per cent of observations 
upon multigravidas. Thus, only 48.4 per cent 
of tracings of primigravidas and multigravidas 
combined, recorded a measurable increase in 
tonus during even the last month of gestation. 

The influence of advancing pregnancy upon 
the degree of increase in tonus is recorded in 
Table IV which shows the average and maxi- 
mum amount of tonus observed in the trac- 
ings of those patients who exhibited a meas- 
urable increase in tonus. The degree of tonus 
increased progressively as pregnancy ad- 


TABLE I.—TOCOGRAPHIC RECORDS 
PER INDIVIDUAL 


Tocographic 
records 


Individuals 
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TABLE II.— INFLUENCE OF PREGNANCY 
UPON UTERINE TONUS 















































TABLE III.— INFLUENCE OF ADVANCING 
PREGNANCY UPON UTERINE TONUS 




































































































































































































































































Uterine tonus Tocographic records of 
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eo Patient identification Primigravidas ano oe ° ° 
oe _— cape — — and maltigravides Primigravidas Multigravidas 
I | 2}/31415|61718]o9] 10] tr] 12/13] 14/15 be 
| wea eng ais! Sean Showing Showing Showing 
16 ° Records | increase | Records | increase | Records | increase 
a en set — in tonus in tonus in tonus 
17 ° 
| —|—|—|—]—|—|—}-—|—]—|— —|— No.| % No.| % No.| % 
18 | o|o grd I °o}] 30 ° °o] oo I °o] 0.0 
19 o]o} | 4th 2 °°] 0.0 2 °o] 0.0) ° °o}] 0.0 
20 ojo sth 13 °o]} 0.0 9 °o |] 0.0 4 °°} 0.0 
21 o}/o}o 6th 24 1] 4.2 19 si $3 5 ° | 0.0 
22 o | o |NT 7th 67 21 3.0] 38 1 | 2.6) 29 r | 3.4 
23 ololo 8th 84 12 | 14.3 7° 12 | 17.1 14 °o]}] 0.0 
24 olo;2io oth 190 61 32-1) 124 49 | 30.5 66 12 | 18.2 
25 o;o;o;o;0 1oth 647 313 | 48.4] 328 192 | 58.6] 310 I2I | 37-9 
26 o}|0]0 |NT| o 
a ea eS oo me ee ee Table III. Showing the influence of advancing preg- 
27 ° ° ° ° ° ° r ° 
edt fet ot nancy upon the frequency with which measurable tonus 
28 olololololololo was observed in 1,028 tocographic tracings, arranged ac- 
. ta tttaltatilatolelatar | cording to gravidity. Note: (a) Absence of measurable 
oR Gt bet LA Sie) *)*)°) |_| |__| tonus prior to the 6th lunar month in the case of primi- 
30 ololr}lolo}]1]o|o]o\|NTl ojo gravidas, and prior to the 7th month in multigravidas; (b) 
cay Sl SR Be peed eG —|—|—_|"—___ progressive increase in incidence of measurable tonus as 
31 olojol/ol/o}/8]/o};/o};/o};/o}]o;o 
cll Wich Civatt Beadt Best Dad Meets all een St! Read Uae pregnancy advances; (c) absence of measurable tonus dur- 
32 olzlololololol|z}olololololojo ing the last month of pregnancy in more than half of the 
om ae) ee ay tracings; (d) greater frequency of measurable increase in 
33 ol7z7}/ol/olo}]s|2]}o]o]2 |INTio}|ojlolfo P yee ° : 
al food eal tonus throughout pregnancy in primigravidas than in 
34 olz2}/o}lolo}/3}o}/o}o}1]/3]o]o]o|NT  multigravidas. 
° ° ° 2 ° ° ° ” . 
MO ES OS RE he het het Ad EL TABLE IV.—INFLUENCE OF ADVANCING 
MMR CARAS RRL ood oo od Be oo PREGNANCY UPON UTERINE TONUS 
37 2}o0ol/o}/o}/2/6]/o0/;1]6 INT) 2} 0]/o]o]o 
38 ololololzi|7/13/]21216]|2INTlo|o INT Records showing an increase in tonus 
39 7ioloj/o/2/2}1r/3/1rjo|rlojolojo ee es oe 
DD Beak Seal Bo oe Primigravidas Multigravidas 
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Table II. Showing influence of advancing pregnancy Records . Records 
upon incidence and degree of measurable tonus in 15 pa- Average - Average a. 
tients who were studied at weekly intervals for the 9g or asec canal 
more weeks immediately preceding labor. O Indicates ab- mm. mm. mm. mm. 
sence of measurable tonus. Other numerals represent 
> poe “ 6th I 1.5 1.5 ° 0.0 0.0 
measurable tonus expressed in millimeters. NT Stands for 
“no tracing.”’ Note: (a) Definite increase in the number of 7th I 1.0 1.0 I 1.5 1.5 
tracings showing measurable tonus after the 32nd week of Sth na aakael ae a oe vos 
pregnancy; (b) variability both in occurrence and in degree 
of tonus in same patient from week to week, and in dif- oth 49 3-9 + 3.6 | 15.0 12 39+2.7] 8.0 
ferent individuals at the same period of pregnancy; (c) nail on ankastaiet ban ahh iat tee 
generally increased tonus during the 40th week, although 
some patients exhibited no measurable tonus at this time. Total 255 134 


vanced. By the end of pregnancy, however, 
the amount of tonus was practically identical 
in primigravidas and multigravidas. 

The influence of the last 14 days of pregnancy 
upon uterine tonus is shown in Table V which 























Table IV. Showing the influence of advancing pregnancy 
upon the degree of tonus observed in 389 toco,-raphic rec- 
ords which registered a measurable increase Note: (a) 
Progressive increase in the degree of tonus . : pregnancy 
advances; (b) absence of any significant effect of gravidity 
upon degree of tonus even during the last month of preg- 
nancy. 
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TABLE V.—INFLUENCE OF LAST 14 DAYS OF PREGNANCY 
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Primigravidas Primigravidas Multigravidas 
and multigravidas 
Days 
before Tonus increased Tonus increased Tonus increased 
labor Total Total Total 
Tem | cords | Average |" | Records | Average | "| Records | Average 
= mm. mm. mm. 
14 16 8 2.9 7 4 3-9 9 4 1.8 
13 25 9 2.2 16 8 2.3 9 I 1.0 
12 17 8 3.4 6 4 3-7 II 4 3.0 
1r 21 8 4-4 14 6 5.3 7 2 1.5 
10 23 5 3.8 15 3 4:3 8 2 3.0 
9 27 12 4.8 13 7 3.6 14 5 6.5 
- 8 32 17 3.0 13 8 2.7 19 9 3-2 
7 24 13 3-9 13 10 3.6 Ir 3 5-1 
6 32 15 5.8 14 8 49 18 7 6.9 
5 30 19 3.8 9 7 3-3 21 12 4.1 
4 28 15 5-4 16 13 5-7 12 2 3-4 
3 26 12 2.8 15 8 3.0 Ir 4 2.5 
2 50 34 5.0 25 22 5.6 25 12 38 
I 100 60 5.2 44 32 4-9 56 28 5.6 
































Table V. Showing the influence of the last 14 days of 
pregnancy upon the incidence and degree of measurable 
tonus as observed in 451 tocographic tracings. Note: (a) 
Relatively constant occurrence of measurable tonus; (b) 


gives: (a) the number of tocographic tracings 
made during the last 14 days of pregnancy, 
(b) the number of these which registered a 
measurable increase in tonus, and (c) the av- 
erage increase in the latter group. The data in 
this table indicate: (a) the marked variability 
in the incidence of measurable tonus at this 
time and also (b) the similar variability in the 
degree of increase. Furthermore, they show 
that no sudden change in either characteristic 
takes place at this time, although there was a 
tendency for the tonus to become stabilized 
during the few days immediately preceding 
labor. 

Tonus in relation to labor. Table VI shows 
the influence of tonus, registered during the 
last 4 weeks of pregnancy, upon the duration 
of labor of primigravidas. Each record repre- 
sented a different patient; no individual ex- 
hibited any evidence of cephalopelvic dispro- 
portion; all deliveries were vaginal; the infants 
had cephalic presentations and weighed be- 
tween 2,500 and 3,500 grams at birth. 


the slight but gradual increase in degree of tonus; (c) the 
absence of any abrupt change in tonus; (d) the absence of 
any effect of gravidity upon either characteristic. 


The data in the two left-hand columns of 
Table VI were supplied by patients exhibiting 
no measurable increase in tonus. Patients who 
registered a measurable increase supplied the 
information in the right-hand columns. 

The average duration of labor of the pa- 
tients whose tonus was above the average of 
those who exhibited measurable tonus did not 
differ significantly from that of the patients 
who recorded no measurable tonus at the same 
periods of pregnancy, respectively. 

Table VII shows the influence of tonus, 
upon the duration of labor of multigravidas. 
As in the case of primigravidas, the amount 
of tonus present during late pregnancy had no 
influence upon the duration of labor. 

As to the influence of an unusually high 
tonus during the last week of pregnancy upon 
the duration of labor the following is recorded: 
Eight primigravidas experienced an unusually 
high degree of tonus (10 to 17 millimeters). 
One (tonus 15 millimeters) gave birth to a 
4,500 gram infant by forceps after a prolonged 
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TABLE VI.—INFLUENCE OF TONUS 
UPON DURATION OF LABOR 

















TABLE VII.—INFLUENCE OF TONUS 
UPON DURATION OF LABOR 
























































Primigravidas Multigravidas 
Tonus Tonus 
Week of Not recordable Above average Week of Not recordable Above average 
pregnancy pregnancy ew 
Number Average Number Average Number Average Number Average 
of duration re) duration of duration of duration 
records of labor records of labor records of labor records of labor 
Hours Hours Hours Hours 
37th 16 16.9 5 12.8 37th 13 7-5 3 7.9 
38th 16 14.5 4 10.1 38th 20 8.5 9 | 13.0 
30th 24 14.4 6 | 8.8 30th 27 8.7 12 12.0 
4oth 23 13-5 18 | 14.2 4oth 47 7.8 27 7.2 
Wt. Av. a 14.8 en | 12.5 Wt. Av. | | 8.1 | — | 9-4 














Table VI. Showing the average duration of labor of a 
group of primigravidas from whom tocographic records 
were secured during the last 4 weeks of pregnancy, arranged 
according to whether measurable tonus was absent, or 
above the average in the group that exhibited measurable 
tonus. Note that the average duration of labor was 
slightly shorter in the group which exhibited a tonus above 
the average. Compare with data in Table VII. 


second stage. Another, with a tonus of 17 
millimeters was delivered by cesarean section 
on account of cephalopelvic disproportion and 
primary inertia. A third patient had a breech 
delivery. The 5 remaining delivered sponta- 
neously, only 1 having a slightly prolonged 
second stage. 

Five multigravidas also registered an un- 
usually high degree of tonus (10 to 13 milli- 
meters) during the last week of pregnancy. 
The labors of all were short; no second stage 
lasted longer than 45 minutes; 3 of the de- 
liveries were precipitous. 

There was no evidence to indicate that the 
high tonus of any patient influenced adversely 
the course of labor. If it had any appreciable 
effect whatever, it aided rather than retarded 
delivery. 


EVALUATION OF STUDY 


The present observations indicate that, 
within certain limits, tonus can be measured 
with a satisfactory degree of accuracy during 
pregnancy. This statement is based upon (a) 
repeated observations upon the same indi- 
vidual at intervals of hours, days, weeks and 
months, and (b) by comparing repeated ob- 


Table VII. Showing the average duration of labor of a 
group of multigravidas from whom tocographic records 
were secured during the last 4 weeks of pregnancy, arranged 
according to whether measurable tonus was absent or above 
the average in the group that exhibited measurable tonus. 
Note that the average duration of labor was shorter in the 
group which recorded no measurable tonus. Compare with 
data in Table VI. 


servations upon one individual with those of 
another. Uniform results have been secured 
from individuals who varied considerably 
both in weight and in the thickness of their 
abdominal walls. In carrying out the meas- 
urement, the tocograph usually is placed in 
the midline and above the umbilicus, where 
the abdominal wall is relatively thin and in 
close contact with the upper pole of the uterus. 
Furthermore, the registering of the tonus is 
not influenced by the tightness of the belt 
which holds the tocograph in position, since 
varying this factor has no influence upon the 
measurement. 

Although the method of measurement is 
satisfactory, it is not fully established as to 
just what is being measured. Wolf, who has 
compared measurements made with intra- 
uterine bags with those secured by external 
hysterography, concludes that the latter re- 
cords the hardness of the uterine wall rather 
than intrauterine pressure. The present author 
concurs in this belief. Whichever character- 
istic the measurement represents, it is cer- 
tainly only relative, but nevertheless useful 
as a means for comparing one patient with 
another. 
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It is apparent that tonus varies consider- 
ably during pregnancy, but no evidence is 
forthcoming as yet to explain why these vari- 
ations occur. 

It is an interesting observation that a meas- 
urable increase in tonus occurs earlier in 
primigravidas than in multigravidas, and that 
more of the former experience it throughout 
pregnancy than do the latter. On the other 
hand, the degree of tonus attained at the end 
of pregnancy appears to be the same in primi- 
gravidas as in multigravidas. One might ex- 
pect it to be higher in primagravidas at this 
time, in view of the fact that it appears earlier 
and more often in them than it does in the 
multigravidas. 

There appears to be an unusual increase in 
the incidence of measurable tonus during the 
8th lunar month of pregnancy, but no signifi- 
cant change in it during the 2 weeks imme- 
diately preceding the onset of labor. It follows 
from this that knowledge of the degree of 
tonus present just before labor is of mo aid in 
predicting the time of onset of labor. Nor has 
any evidence come to light to indicate that a 
study of tonus alone is of any value in pre- 
dicting the quality of the uterine activity at 
the time of labor. 

The methods employed in securing the 
present data have their obvious limitations. 
These include the fact that the tocograph has 
the inherent weakness of any precision instru- 
ment operated by a spring; that the present 
observations were made by several different 
individuals, who employed a number of dif- 
ferent tocographs. It is believed, however, 
that some of the difficulties encountered are 
out-weighed by the number of observations 
made. 


SUMMARY AND CONCLUSIONS 


1. A series of 435 patients supplied 1,028 
tocographic records of what, for want of a 
better term, may be described as uterine tonus 
during pregnancy. 

2. Detectable increases in tonus were ob- 
served first in primigravidas during the 6th 
lunar month, and not until the 7th month in 
the case of multigravidas. 

3. Wide variations in tonus were observed 
in the same patient at different times during 
pregnancy and in different individuals at sim- 
ilar periods of gestation. 

4. Tonus increased progressively in degree 
as pregnancy advanced, in those patients who 
exhibited a measurable amount. 

5. An unusual increase in tonus appeared 
in primigravidas during the 8th month, but 
not until the 9th month in the case of multi- 
gravidas. 

6. Although primigravidas experienced in- 
creases in tonus earlier and more often in 
pregnancy than did multigravidas, the ulti- 
mate level of their tonus did not exceed that 
of the multigravidas. 

7. During the last lunar month of preg- 
nancy, less than half of all patients exhibited 
any measurable tonus. 

8. From these observations, it is concluded 
that knowledge of the uterine tonus present 
during pregnancy is of no value in predicting 
either the time of onset of labor or its char- 
acter. 

REFERENCES 
1. LérAnp, S. Monatschr. f. Geburtsh. u. Gynaek., 1936, 


103: 137-145. 
2. Murpuy, D. P. Surg., Gynec. & Obst., 1941, 73: 498- 


501. 
Ibid. 1941, 73: 681-685. 
Wo tr, W. Zentralbl. P Gynaek., 1937, 61: 2418-2422, 


a 





THE FUNCTIONAL ANATOMY OF LABOR AS REVEALED 
BY FROZEN SAGITTAL SECTIONS IN THE 
MACACUS RHESUS MONKEY 


D. N. DANFORTH, Ph.D., M.D., R. J. GRAHAM, B.S., M.B., and A. C. IVY, Ph.D., M.D., 
Chicago, Illinois 


NTIL recently our concepts con- 
cerning the action of the human 
uterus were based almost wholly 
upon principles which were devel- 

oped nearly half a century ago. These prin- 
ciples arose from two general sources: first, 
clinical observation of the laboring uterus, 
and second, studies of frozen sagittal sections 
of women who had died in labor. A relatively 
large number of human frozen sections have 
been made and their study has contributed 
much to our knowledge. However, the sec- 
tions have been made under such varying 
circumstances, in regard to the cause of death 
and the type of labor, as to engender skepti- 
cism concerning their true representation of the 
normal process. The freezing methods were 
slow and in some instances the specimens were 
not frozen until a number of days after death. 

Since the evidence obtained by the frozen- 
section technique is essential for a thorough 
understanding of the process of evacuation of 
the uterus, our work was undertaken to ob- 
tain such evidence under uniform conditions 
as to the cause of death and the time and 
method of freezing. It was believed that the 
possession of such evidence for the uterus of 
a subhuman primate would supplement and 
render it possible to evaluate more accurately 
the evidence supplied by the human speci- 
mens. 

In this study rather extensive chronolog- 
ical evidence of the anatomicophysiological 
changes occurring in the laboring monkey uter- 
us has been obtained. The Macacus rhesus 
was chosen as a suitable subject because of 
our familiarity with the uterus of this animal, 
because of its close anatomical and physiologi- 


From the Department of Physiology and Pharmacology, 
Northwestern University Medical School. 

This work was made possible by a gift in honor of Dr. I. N. 
Danforth. 


cal similarity to the human uterus, and because 
certain points of evidence required could never 
be obtained in the human being. Of course, 
results obtained in one species must be applied 
to another with reservation. However, our 
knowledge of the gross, comparative, and 
functional anatomy of the rhesus uterus 
indicates that the processes concerned in evac- 
uation should be fundamentally the same in 
both species. 


ANATOMICAL CONSIDERATIONS 


Before considering our own data, it is im- 
portant to obtain a clear understanding of the 
anatomical divisions of the nonpregnant 
uterus, and their fate in early pregnancy. 
These points are stressed, first, because they 
are essential to an adequate understanding of 
the subject which we wish to present, and, 
second, because they are not generally used 
despite their thorough and adequate demon- 
stration. 

Until the early part of the present century 
the human uterus was considered as being 
composed of two essential parts: cervix and 
corpus. The term “isthmus” had been em- 
ployed upon occasion, but it was not until the 
work of Aschoff in 1905 that the isthmus was 
seen to be a definite structure, distinct from 
both cervix and corpus, anatomically as well 
as functionally. Since this time the subject 
has been considered by numerous authors, the 
overwhelming majority of whom subscribe to 
Aschoff’s observations. The work of Stieve, 
in 1927, has emphasized and extended the ob- 
servations of Aschoff, and now serves as the 
classic description of cervix and isthmus uteri 
and their intrinsic changes in pregnancy, 
labor, and the puerperium. In addition to 
these, the comprehensive article by Frankl is 
most valuable. 
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The uterus is now considered as being com- 
posed of 3 essential parts: the cervix, isthmus, 
and corpus. The cervix and corpus require no 
description in this communication. 

When the uterine cavity is examined in a 
frontally sectioned uterus, the cavum corporis 
is seen to terminate inferiorly by a narrow 
canal, which soon widens into the spindle- 
shaped canal of the cervix proper. The length 
and structure of this canal varies in different 
specimens, and with parity. Ordinarily it is 
approximately 6 to 10 millimeters in length, 
and slightly narrower at its superior extrem- 
ity. In many specimens the lower extremity 
can be distinguished grossly, but in others the 
canal terminates gradually in the cervical 
lumen. It is to the tissue which surrounds this 
canal, throughout the thickness of the uterus, 
that the term isthmus has been applied. The 
upper limit of the isthmus, the “anatomical 
internal os,” is discernible with the naked eye. 
It is a definite muscular constriction which is 
often referred to, inadequately, simply as the 
“internal os.”’ Aschoff adds that “at this point, 
where there is distinguishable externally a 
slight constriction, where as a rule there is the 
tight adhesion of the peritoneum, and where 
the first large transverse branches of the uter- 
ine artery enter the muscle substance, lies the 
upper limit of the isthmus.” Again, to quote 
Aschoff, the lowermost extent of the isthmus 
uteri, the so called “histological internal os,” is 
the “line of demarcation between the (col- 
umnar) epithelium of the cervical canal and 
the corporeal epithelium, but not, as is so 
often said, the upper limit of the arbor vitae. 
The fold formation cannot be used in the 
determination of the line of demarcation. 
Furthermore, here the cervical and corporeal 
glands mingle.” The transition from cervix to 
isthmus is therefore a gradual one, which 
occurs over the course of 1 or 2 millimeters 
or more. Frankl states that with experience 
this transition is often distinguishable grossly. 

Structurally, the isthmus resembles the 
corpus, but there are certain essential differ- 
ences. The mucosa is thinner than that of the 
corpus, is richer in supporting tissue, and 
poorer in glands. The musculature is more 
poorly developed than that of the corpus, 
better so than that of the cervix. 


The following changes are reported during 
pregnancy. Until the end of the second 
month the canal of the isthmus remains nar- 
row, but it lengthens considerably, up to 2 
to 3 times its former length. (It is of inciden- 
tal interest that when a vaginal hysterotomy 
is performed at this stage of pregnancy one 
might, unless cognizant of these isthmic 
changes, attribute the greatly increased dis- 
tance from external os to ovum chamber as 
being due solely to an increase in the length 
of the cervix. Stieve’s investigations show 
quite clearly that there is no significant in- 
crease in cervical length. The increased dis- 
tance from anatomical internal os to external 
os is due almost entirely to lengthening of the 
isthmus.) In the third month the wall of the 
isthmus unfolds quite rapidly, and the canal 
widens to form a part of the general uterine 
cavity. From this time until the conclusion of 
pregnancy, the boundary between the general 
uterine cavity and the cervical canal is the 
histological internal os of Aschoff, which now 
becomes known clinically as the obstetric in- 
ternal os (O. I. O.). (This differentiation is im- 
portant, since it emphasizes the inadequacy 
of the unqualified term ‘“‘internal os’’). At 
term the isthmus uteri measures from 7 to 10 
centimeters in length, thus making up between 
one fifth and one fourth of the total sagittal 
length of the uterus. 

The nonpregnant monkey uterus. Three 
nonpregnant rhesus uteri have been studied. 
A section of one of these is shown in Figure 1. 
The major difference between the rhesus and 
human uterus is the cervical canal, which is 
straight in the latter, tortuous in the former. 
The tortuosity of the rhesus cervical canal is 
due to the presence of nipple-like projec- 
tions (colliculi) from the walls of the cervix. 
Our findings concerning the location of these 
colliculi are not entirely in agreement with 
those reported by other workers and will be 
considered in detail in a later communication. 
Briefly, in all of the specimens studied we 
have observed 4 such projections, the 2 upper- 
most of which we have termed the internal 
lips of the cervix, the 2 lowermost, the 
external cervical lips. Histological examina- 
tion of the nonpregnant specimens indicates 
that the cervical canal extends from the ex- 
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ternal cervical lips to a point on the upper 
aspect of the internal lips. The isthmus ap- 
pears to extend from this latter point upward 
for a distance of 8 to 10 millimeters. The 
remainder is corpus. 

It is of interest that a physiological sphinc- 
ter exists in the rhesus uterus at the junction 
of cervix and isthmus (at the site of the 
obstetric internal os). This can be felt to 
contract about the examining finger, and bal- 
loon records can be made of its activity (Ivy, 
Hartman and Koff; Danforth and Ivy). 

Changes in the monkey uterus during preg- 
nancy. No sections during early pregnancy 
are included in our series of animals. The 
work of Franke upon an allied species (“Cer- 
cocebus cynomorpha”’), however, serves to fill 
this gap. Despite the fact that his work was 
done before the demonstration of the isthmus 
uteri, Franke’s careful descriptions leave little 
doubt of the fate of this structure during early 
pregnancy. According to his observations, the 
isthmus in this species unfolds and the canal 
widens in a manner which is essentially similar 
to that described for the human being. After 
the widening occurs, the junction between the 
uterine cavity and the cervix is at the level of 
the internal lips of the cervix. This latter is in 
agreement with our findings. Thus, the inter- 
nal lips definitely mark the obstetric internal 
os anatomically so that it may be followed 
throughout labor. 


METHODS 


Thirty-three Macacus rhesus monkeys were 
studied. Three were nonpregnant controls. Three 
were sacrificed late in pregnancy, prior to the onset 
of labor. Six were sacrificed at various stages from 
the onset of labor to complete effacement and dilata- 
tion of the cervix. Sixteen were sacrificed during the 
second stage of labor, 1 during the third stage, and 4 
at various intervals from 1 hour to 1 week post- 
partum. 

The descriptions by Hartman and by Hartman 
and Straus were found to be most helpful in the 
diagnosis of labor in the early animals of this series, 
and in the handling and care of all the animals. 

The progress of labor was followed by abdominal 
palpation and digital vaginal examination. When 
the desired stage of labor was reached, the animal 
was lightly anesthetized with intravenous sodium 
pentobarbital. This drug did not inhibit the uterine 
contractions perceptibly. The anesthetized animal 
was fastened by light cords to a rectangular metal 
frame which maintained a modified lithotomy posi- 


tion. At the height of a uterine contraction the 
animal was lowered into the freezing chamber. 

The freezing solution was kept ready for immedi- 
ate use. The chamber consisted of an insulated, 
galvanized iron tank containing a mixture of 95 per 
cent ethyl alcohol and chipped dry ice (solid carbon 
dioxide). After a period of time this mixture reaches 
a temperature of —70 to —8o degrees C., and main- 
tains itself there until all the dry ice has vaporized. 

While freezing, the animals were kept completely 
submerged. They were allowed to remain in the 
chamber for at least one hour so that they reached 
the temperature of the freezing mixture. 

By means of a motor driven band saw with a 
movable platform, the upper abdomen, tail and 
lower legs were removed, and a median sagittal sec- 
tion of the remaining torso was made. The cervix 
was cleanly bisected in all instances. 

While in the frozen state direct outline tracings 
of the sections were made and measurements taken, 
both the specimens themselves and the tracings 
being utilized. Precise pen and ink drawings were 
prepared by the artist from the direct tracings. 
Wash drawings were prepared from the specimens in 
order to illustrate certain points of detail which were 
not apparent in the pen and inks. In each of the 
frozen specimens, a section was made one half inch 
lateral to the midline. This half inch slice was placed 
in ro per cent formalin, and from it histological sec- 
tions of the uterus were made. These are not re- 
ported here, except in so far as they are necessary 
for the confirmation of results. 


Of the 33 specimens available, 11 repre- 
sentative ones have been selected for repro- 
duction at this time. 

In regard to the measurements, it is empha- 
sized that it is our purpose not to present a 
rigid statistical analysis of labor, but rather to 
gain knowledge of the general trends in labor. 
The variation in measurements of this type is 
considerable, and the possible ways of measur- 
ing the same structure are legion. In order 
that variations might be reduced to a mini- 
mum, all measurements were made by the 
same individual utilizing precisely the same 
technique in all specimens. All measurements 
were verified at least twice. It is perhaps un- 
necessary to point out that rigid statistical 
treatment of results such as these is a meaning- 
less procedure. 

The following measurements and ratios are 
presented at this time: 

1. The total internal sagittal circumference 
of the uterus. 

2. The greatest length from the internal 
aspect of fundus to plane of external os. 
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TABLE I.—EXAMPLE OF COMPLETE LABOR TABLE II.—SHOWING (1) THE RELATION OF THE 


PROTOCOL, MONKEY NO. 14 (SERIES NO. 8) 
DATE: MAY 19, 1938 


Time Remarks 


7:15 p.m. Animal lay down, appeared somewhat more 
nervous than usual. Her face was flushed in a 
manner similar to that of previously observed 
laboring monkeys. 

7:25 p.m. Vaginal examination: Cervical dilatation 1.5 
cm. Contractions of fairly good quality, 
occurring every 2 to 24 minutes, lasting 30 to 
35 seconds. Forewaters bulging through cervix 
with each pain. 

7:30 p.m. Animal tied down to allow precise observation. 

8:45 p.m. Vaginal examination: Findings essentially the 
same as noted above. 

8:50 p.m. Animal allowed up in cage. 

g:00 p.m. More restless with pains. 

9:10 p.m. Vaginal examination: Cervix partially effaced, 
dilated 2 cm. Pains of good quality, occurring 
every 2 to 214 minutes and lasting 35 to 40 
seconds. 

9:25 p.m. Vaginal examination: Cervix fairly well effaced, 
dilated 2 to 2.5 cm. Head entering the pelvis. 

9:30 p.m. Anesthetized. 

9:35 p-m. Freezing started. Temperature of the bath 
—72 degrees C. 

10:35 p.m. Animal removed from freezing mixture. 


3. Relation of the cervical lips to the ana- 
tomical conjugate, to the symphysis, and to 
the promontory of the sacrum. (In this report 
the term true conjugate is used synonymously 
with anatomical conjugate, to indicate the 
distance from the superior edge of the sym- 
physis to the sacral promontory. It is to be 
distinguished from the obstetrical conjugate 
which is the shortest distance from the sym- 
physis to the promontory.) 

4. Sagittal circumference of the uterine 
cavity from obstetrical internal os anteriorly 
to obstetrical internal os posteriorly. 

5. Total length of the cervix. 

6. Sagittal circumference of the uterus be- 
low the insertion of the placenta, or below a 
retraction or constriction ring. 

For purposes of comparison all of the pub- 
lished human frozen sagittal sections were 
subjected to similar, though necessarily less 
exact, measurement. These are not included 
in the present report, except to indicate cer- 
tain points of similarity. 


RESULTS 


In the discussion of results, the first and 
third stages of labor have been considered in 
accordance with the usual definitions, respec- 


TOTAL INTERNAL CIRCUMFERENCE (A) TO 
THE LENGTH FROM THE INNER ASPECT OF 
THE FUNDUS TO THE PLANE OF THE EX- 
TERNAL OS (B), AND (2) THE RELATION OF 
INTERNAL CIRCUMFERENCE FROM 0.1.0. 
TO 0.1.0. (Cc), TO THE LENGTH FROM IN- 
TERNAL FUNDUS TO PLANE OF 0.1.0. (D).* 





Total | Great- 




















Total | Great- cir- est 
cir- est cum- | length 
cum- | length fer- |fundus 
fer- |fundus ence to 
EO. ha Ratio || 0.10. vane Ratio 
Ste 4.0. | plane | p+; to o 1 
inet to | of |°*4 lloroloro.| 2° 
E.O. | E.O. with — 
lips ips 
A B Cc D 
Before labor (term?) 
(Cases 1-3) 36.4 | 14.5 | 40.0 35.0] 14.4 | 41.1 
I (Cases 5-9) 43-3 | 17.4 | 40.1 41.0 | 16.1 | 40.0 
II A (Cases 10-12) 34.9 | 14.4 | 41.5 31.7 | 12.9 | 40.7 
II B (Cases 13-19) 30.1 | 12.3 | 40.8 27.4 | 11.0 | 40.1 
II C (Cases 20-25) 26.1 | 11.0 | 42.1 22.5 8.6 | 38.2 
III 18.5 7.2 | 39.0 17.3 6.8 | 390.3 











P.P.—1 hour to 3 days 18.1 7.6 | 40.3 15.3 6.2 | 43.8 





P.P.—1 week 15.0 6.7 | 44.6 12.9 5.8 | 44.9 


























Nonpregnant 9.1 4.4 | 48.3 6.7 3.2 | 47.7 





O.1L.0., obstetric internal os; E.O., external os. 

*Since the internal circumference is obviously irregular, the extent of 
the accuracy of the measurements may be subject to question. This 
problem can be tested by ascertaining whether the circumference bears 
a rather constant ratio to the length or long diameter of the uterus which 
is roughly an elipsoid. The ratios are surprisingly constant, and prove 
the relative accuracy of the method of measurement. Measurements 
in this table, as in others, are in centimeters. 


tively, from the onset of labor until complete 
dilatation of the cervix, and from delivery of 
the babe until after the birth of the placenta. 
For purposes of description it has been found 
advisable to divide the second stage into 3 sub- 
stages, rather than to consider it as a whole 
as is customary. Substage II A has been used 
to designate the changes occurring from the 
time of complete dilatation until separation of 
the lower border of the placenta occurs (v.7.). 
Substage II B has been used to indicate the 
changes occurring from the time of separation 
of the lower border of the placenta up to, but 
not including, the birth of a part. Substage 
II C includes the changes from the birth of a 
part to the birth of the entire fetus. These 
substages are clearly evident in our sections. 

An example of a complete labor protocol is 
shown in Table I. 
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TABLE III.—THE RELATION OF THE CERVICAL LIPS TO THE ANATOMICAL CONJUGATE, 
TO THE LEVEL OF THE SYMPHYSIS, AND TO THE LEVEL OF THE PROMONTORY 





















































Lips as related to Lips as related to 
anatomical conjugate symphysis Posterior lips as 
related to sacral 
Stage Anterior Posterior Anterior Posterior promontory 

External | Internal | External | Internal | External | Internal | External | Internal External | Internal 

Before labor (term?) —2.4 —2.1 —2.5 —2.0 —o.I +0.6 +0.2 +1.0 —4.9 —4.1 
I —2.7 —2.3 —3.1 —1.8 —o.6 —0o.2 ° +1.7 —5.5 —3.9 
ILA +1.4 +1.6 —1.4 +0.7 +1.5 +1.8 +2.3 +5.0° —2.6 +1.2 
IIB +1.5 +2.5 —o.1 +1.6 +1.7 +2.7 +4.0 +5.5 —0.4 +1.0 
1c +1.7 +2.4 —0o.2 +1.6 +2.2 +3.2 +3.8 +5.7 ° —0.7 
III —1.3 —1.3 —o.6 +o0.2 —0.3 —o.1 +3.5 +4.2 —1.0 —o.2 
P.P. 1 hour to 3 days —2.1 —1.8 —3.4 —2.0 —0.3 +0.3 —1.4 +0.6 3.9 —4.0 

















— =Centimeters below structure in question. 
-++ =Centimeters above structure in question. 


Of the 30 specimens during labor, illustra- 
tions of 10 have been selected for reproduction 
at this time, as representative of the changes 
which have been observed. These are the 
following: 


1. (Monkey 4, Series 6) Questionable early labor. 
Dilatation 1 cm. by vaginal examination. (Figs. 2 
and 2a.) 

2. (Monkey 14, Series 8) See Table I. (Figs. 3 
and 3a.) 

3. (Monkey 109, Series 9) In labor 1 hour and 45 
minutes. Dilatation 4 cm. by vaginal examination. 
Forewaters protruding through external os. (Figs. 4 
and 4a.) 

4. (Monkey 30, Series 12) Duration of labor un- 
known. First vaginal examination revealed com- 
plete dilatation. Sacrificed immediately. (Figs. 5 
and sa.) 

5. (Monkey 21, Series 16) In labor about 10 
hours. Head upon the perineum. (Figs. 6 and 6a.) 


6. (Monkey 10, Series 19) In labor 1 hour and 15 


minutes. Bearing down with pains for about 25 
minutes. Face at the vaginal introitus. (Figs. 7 
and 7a.) 


7. (Monkey 23, Series 20) Duration of labor un- 
known. Animal suddenly seen to be bearing down. 
After a period of observation, she was sacrificed im- 
5 a after delivery of the head. (Figs. 8 and 
8a. 

8. (Monkey 22, Series 23) In labor 4 hours and 15 
minutes. Sacrificed after delivery of head and thorax 
(Figs. 9 and ga.) 

9. (Monkey 31, Series 26) Sacrificed immediately 
after delivery of stillborn baby after labor of un- 
—T duration. Placenta in utero. (Figs. 10 and 
10a. 

10. (Monkey 3, Series 27) Precipitate labor. 
Sacrificed 1 hour after delivery of placenta. (Figs. 
Ir and 114.). 


The figures presented in Tables II to VII 
are averages for all specimens in the par- 


























TABLE IV.—REDUCTION OF THE INTERNAL CIRCUMFERENCE OF THE UTERUS WITH THE 
PROGRESS OF LABOR 
Circumfer- Circumfer- Total 
ence cm. : y ence cm. 7 
No. of 0.1.0. to — Baduntion 0.1.0. to Reduction % a 
Stage of labor cases 0.1.0. with Cc A 0.1.0. with- (cm.) Reduction | internal lips 
lips out lips B 
Before labor (term?) 3 35.0 32.8 2.2 
I 5 41.o(A) 39.1 1.9 
II A (up to separation of 
placenta 3 31.7 9.3 22.7 30.4 8.7 22.2 3 
II B (from some separation to 
birth of a part 7 27.4 13.6 33-4 26.3 12.9 33.0 1.1 
II C (after birth of a part) 6 22.5 18.5 45.0 21.3 17.8 45.5 1.2 
III (placenta in uterus) I 17.3 23.7 58.0 14.4 24.7 63.1 2.9 
P.P. 1 hour to 3 days 3 15.3 25.7 62.7 13.3 25.8 66.0 2.0 
P.P. 1 week I 12.9 28.1 68.5 II.9 27.2 69.8 1.0 
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ticular group indicated. All measurements 
were made from the sagittal surface only. 
It is regretted that lack of space prevents 
the publication of all of the measurements 
at this time, and that only averages of 
the entire stages may be presented. Trends 
which are apparent within the stages are 
thus not evident, except for those which are 
illustrated in the graph which is included. 
Certain of these trends will be mentioned, 
then, without presentation at this time of the 
evidence which substantiates them. Also, in 
order to conserve space, the ranges of the 
figures used in computation of the averages 
are not included in this communication. The 
figures are sufficiently constant that the 
authors ascribe definite trend significance to 
them. 


ANALYSIS OF STUDY 


The problem of precise differentiation of the 
fate of the various uterine segments in frozen 
sections of the human uterus offers difficulty 
because of the absence of gross fixed land- 
marks in this species. After dilatation of the 
cervix has started there is no definite means of 
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Fig. 1. Sagittal section of adult nonpregnant rhesus 
uterus, (1:1). A,A’, external cervical lips; B,B’, internal 
cervical lips; C, upper boundary of isthmus uteri. 


determining the upper boundary of the cervix. 
The bladder reflection, commonly stated as 
being a rather definite indication of the upper 
limit of the isthmus, has been found to be of 
no value in the instance of the human frozen 
sections. Similarly, this point has been most 
disappointing as a landmark in the monkey 





Fig. 2a. 
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Fig. 3. Fig. 3a. 





Fig. 4a. 
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Fig. 5a. 
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Fig. 6. 
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Fig. 7. 











Fig. 8a. 


Fig. 8. 

















DANFORTH et AL: 





Fig. 9. 


because of its extreme variability in different 
specimens, and of the fact that in the second 
stage of labor the reflection is often found be- 
low the level of the external lip of the cervix. 
In the monkey, however, the question of 
differentiation of the three portions of the 
uterus is simplified by the presence of two 
more or less constant points. The first of 
these, the internal lips of the cervix, makes it 
possible in all specimens to distinguish pre- 
cisely the lower extremity of the isthmus uteri. 
The second is not so constant, but in most 
specimens is an extremely valuable landmark. 
"he placenta in the monkey is of the bidis- 
coidal type, the two discs being inserted one 
anteriorly and one posteriorly in almost all 
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Fig. ga. 


instances, and connected by large blood ves- 
sels which lie against one of the lateral walls 
of the uterus. Because of the regularity in 
extent of the placentae, and because of the 
rather obvious but unproved function of the 
anatomical internal os of limiting the lower 
extent of placentation, we have arbitrarily 


TABLE V.—THE PER CENT OF REDUCTION IN 
TOTAL INTERNAL CIRCUMFERENCE IN VARI- 
OUS STAGES OF LABOR 














Stages of labor | E.O. to E.O. | Reduction cm. | Reduction % 
Belore labor aa 7 ” es a | ~ a 
“aes : 13.3 | 
Il A 34.9 8.4 5 19.4 ad 
11 B 30 I 13 i a 90 5 
l C in 6 a 17 30 
TT : 18.5 8 | g7.2 
P.P.rhr.-3da. ” > | 58.2 
P.Prwk. | ts.0 8.3 | 65.3 
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Fig. 11. 


chosen the lower border of the placenta as 
being at the approximate lower level of the 
corpus uteri. In addition to this, in many of 
the specimens the uterine wall thickens 
abruptly from below upward at a level coin- 
ciding with the lower border of the placenta. 
This finding adds credence to the arbitrary 
division indicated above. The authors realize 
fully that this is by no means a precise indica- 
tion of the upper boundary of the isthmus. 
Because of the constancy of the findings, 
however, it appears that this is a satisfactory 
means of indicating the activity of this portion 
of the uterus, in contradistinction to the ac- 





CS Holé— 


Vig. 11a. 


tivity of the corporeal segment and cervix. In 
full cognizance, then, of the possible fallibility 
of the indicated upper extent of the isthmus 
uteri, we shall refer to the isthmic segment of 
the uterus as being that portion which lies be- 
tween the internal lips of the cervix below, 
and (1) the lower border of the placenta or 
(2) the region of a physiological retraction 
ring, above. By these means of division of the 
uterus one may follow in successive specimens 
the activity of the corporeal segment, the 
isthmic segment, and the cervix. 

This means of differentiation is well shown 
in Figure 13, which represents the interna! 
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TABLE VI.—THE PER CENT RETRACTION OF THE UPPER AND LOWER UTERINE SEGMENTS IN 
RELATION TO THE ORIGINAL INTERNAL CIRCUMFERENCE OF THE UTERUS AND TO THE ORIG- 
INAL LENGTH OF THE SEGMENT IN QUESTION (FROM 0.1.0. TO 0.1.0.) 









































Circum- | Circum- | Circum- % 9% _ % decrease in 
No. ference ference ference | of internal | of internal % % circumference due to 
Stage of cm. O.1.0.| placenta U.U.S. circum- circum- retrac- retrac- retraction of 
cases to 0.1.0. | to O.L.0. (A—B) ference ference tion tion 
with lips (L.U.S.) Cc made up by|/madeupby| L.U.S. U.U.S. 
A B L.U.S. U.U.S. L.U.S. U.U.S. 
Before labor (term?) | 3 35.0 10.7 24.3 30.6 690.4 
I 5 41.0 13.0 28.0 31.7 68.3 
IIA 3 31.7 6.7 25.0 21.1 78.9 T48.4 T10.7 67.7 32.3 
IIB 7 27.4 5.2 | 22.2 19.0 81.0 60.0 21.0 57.0 43.0 
1c | 6 | 22.5 5.6* 16.9 24.9 | 75.1 57.0 40.0 40.0 60.0 




















L.U.S., lower uterine segment or “‘isthmic segment;” U.U.S., upper uterine segment or “corporeal segment.” 


*This increase is due to the failure of the L.U-S. of case 24 to retract. 
t13.0— 6.7=6.3+13.0=48.4%. 

28.0—25.0=3.0+28.0=10.7%. 

41.0—31.7 =9.3; 13.0—6.7 =6.3; 6.3+9.3 =67.7. 
surface of the uterus of monkey 21. The fetus, 
membranes and placenta have been removed. 
The two lips of the cervix are apparent as 
ridges crossing the uterus at its extreme 
lower extremity and about 2 centimeters 
above this, respectively. The thickened “ring”’ 
above these ridges is the physiological retrac- 
tion ring. The lower edge of the anterior 
placenta is seen to extend precisely to this 
ring, which marks the junction of lower and 
upper uterine segments. The posterior pla- 
centa was seen to have been placed somewhat 
laterally, but its lowermost extremity likewise 
reached just to this ring. In this specimen the 
maximum retraction of the isthmus poste- 
riorly is readily evident. 

In the consideration of results, the exact 
proportions of the term uterus prior to the 
onset of labor have not been estimated. The 
3 animals which were sacrificed prior to 


labor were of smaller stature than the others 
of this series. In addition, the fetal propor- 
tions indicated that the animals were in late 
pregnancy, but not yet at term. The early 
first stage measurements are therefore taken 
as being representative of maximum term size 
of the uterus. 

The results will be discussed under two 
general headings: (1) Changes in the uterus 
during labor, and (2) incidental pertinent ob- 
servations. For the most part the results 
require but little discussion since the illustra- 
tions and tables are self-explanatory. 

Changes in the uterus during labor. Stage I. 
During the first stage of labor there is only 
slight shortening in the total internal sagittal 
circumference of the uterus. The dimensions 
of the cervix and the position of the cervical 
lips with respect to the true conjugate are 
similarly not altered significantly —this despite 



















































































TABLE VII.—THE PER CENT OF THE TOTAL INTERNAL LONGITUDINAL CIRCUMFERENCE CON- 
TRIBUTED BY THE CERVIX, ISTHMIC SEGMENT, AND CORPUS AT THE DIFFERENT STAGES 
Isthmus 
Isthmus] Total Total Circumfer- | Circumfer- | Circumfer- | without internal Corpus Cervix 
: _ cm. external | internal} ence E.O. ence O.1.0. | ence O.L.0. ips 
Stage including} lips lips to E.0. to O.1.0. to 0.1.0. 
internal cm. cm. without including without cm. cm. 
lips internal lips | internal lips lips (A—C) % (F—G) % cm. % 
A B Cc cm. (E—C) 
E F 
Before labor 10.7 3.6 2.2 36.4 35.0 32.8 8.5 3.5 4.3 67.1 3.6 9.9 
(term?) } } 
I | 13.0 4.1 ° 43-3 | 4r.0 39.0 | 1r.0 | 25.5 | 28.0 | 65.0 4.0 | 9.5 
ILA | 6 7 4.8 2 34.9 3.7 30.4 | 5.4 | 15.4 | 25.0 731.6 | 4.8 | 13.7 
IL B 5.2 4.1 oo 30.1 27.4 26.3 | ar | 13.2 | 22.2 | 73.7 | 4.r | 13.2 
ee pen ee ees ae — | 
II € | 5.6 4.4 a 6.1 | 22.5 21.2 | 4 | 16.9 | 16.8 | 64.3 | 4.4 | 16.9 
III = | 4g 2.9 18.5 17.3 14.4 | | | = I | 21.6 
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Fig. 12. Graph showing the relative rate and extent of 
shortening of the total internal circumference of the uterus, 
of the corpus uteri, and of the isthmic segment, during the 
first and second stages of labor. 
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the fact that dilatation is occurring. Estima- 
tions of corporeal length during the first stage 
show only questionably significant shortening. 
In contradistinction to the other portions of 
the uterus, isthmic shortening is definite and 
rather marked. These findings indicate, then, 
that during the first stage of labor retraction 
is more or less limited to the isthmus uteri 
(Fig. 12). Retraction or longitudinal short- 
ening implies thickening. This observation is 
contrary to the usual conception of isthmic 
activity at this time in the human being. (In 


the calculations in the tables, the 100 per 
cent measurement of the first stage is taken 
as an average of all first stage animals, whereas 
individual animals during the first stage showed 
progressive, significant, isthmic shortening 
with no significant change in the corpus. 

Stage II A. During the early part of the 
second stage isthmic retraction progresses, and 
at this time becomes maximal. Progressive 
shortening of the corpus is now evident. There 
is no appreciable change in the length of the 
cervix during this period. The change in the 
level of the cervical lips with respect to the 
true conjugate, however, is marked. It is seen 
that during this substage the anterior lip of 
the cervix rises above the level of the sym- 
physis. The posterior lip also rises significant- 
ly, but not as extensively as the anterior. 

Stage IT B. Obviously just prior to the birth 
of a part much descent of the fetus has oc- 
curred, and this is reflected by an acceleration 
in the rate of corporeal retraction. Maximal 
shortening of the isthmic segment has already 
been attained, and is sustained throughout 
this substage. The length of the cervix itself 
has undergone little change, but the position 
of the lips with respect to the true conjugate 
shows further alteration. Anteriorly the ex- 
ternal lip remains at a high level above the 
symphysis, and posteriorly the lip has reached 
the level of the sacral promontory. 

Stage II C. Examination of the specimens 
in this substage shows that after a part is born 
the uterus contains but little of the fetus, most 
being found in the vagina, and that after half 
of the body of the fetus is born, the uterus 
contains only placenta and amniotic fluid. 
Hence, much shortening of the entire longi- 
tudinal circumference should and does occur. 
It is of especial interest that throughout the 
duration of labor the only evidence of longi- 
tudinal lengthening or mecystasis of the 
isthmic segment occurs when the placenta 
enters this segment. This is doubtless a type 
of receptive relaxation such as that manifested 
by the colon. Despite relaxation in the isth- 
mus, the corpus continues to shorten as one 
should expect in order that evacuation of this 
portion of the uterus may be completed. 

In the late second stage the upward excur- 
sion of the cervical lips is complete, the ante- 
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rior lip averaging almost 2 centimeters above 
the symphysis, the posterior being located at 
about the level of the sacral promontory. The 
extent to which the cervical lips rise in the 
monkey is greater than that revealed by the 
frozen sections in the human being and also 
greater than that seen in the experience of 
obstetricians. Since the upward excursion of 
the cervical lips is limited by the fascial sup- 
ports of the cervix (which include the pubo- 
cervical fascia and the transverse cervical and 
sacrouterine ligaments), it is apparent that in 
the monkey these supports are more flexible 
than in the human being. Caldwell and Still- 
man of the Sloane Hospital for Women have 
made preliminary studies which clarify this 
subject in the parturient woman. Metal clips 
have been placed upon the cervix and x-ray 
pictures made during the various stages of 
labor. Their studies indicate that the cervical 
lips pull up considerably higher than is gen- 
erally believed, but not as high as in the 
monkey. 

Stage III. During the third stage there is 
continued shortening of the corporeal and 
isthmic segments. Cervical length, again, is 
not significantly altered. The almost instant 
return of the uterus to its general contour prior 
to the beginning of pregnancy is well illus- 
trated by specimen No. 10, sacrificed one hour 
postpartum. 

It has doubtless been observed that in this 
discussion of uterine changes during labor no 
mention has been made of the “thinning” 
which is believed to occur normally in the 
lower pole of the uterus. Our findings show 
that longitudinal thinning or actual stretch- 
ing, does not occur normally in the isthmic 
segment in the monkey, with the single excep- 
tion of the late second stage when the lower 
pole of the uterus relaxes to receive the 
placenta. All the evidence indicates that the 
region of the isthmus is not only the first por- 
tion of the uterus to undergo shortening in 
labor, but that, in addition, this shortening 
is progressive, and sustained until the late 
second stage. At cesarean section in the 
human being the illusion of thinning may pos- 
sibly be produced by the contrast of the more 
marked and evident corporeal retraction, to 
‘he lesser but maximal retraction of the isth- 





Fig. 13. 


mus. Anesthesia may also be a factor. Actual 
longitudinal thinning of the isthmus may 
occur under certain circumstances in the 
human uterus, but we find no evidence of this 
in the monkey; nor have we found definite 
evidence of it in the human frozen sections in 
the absence of disproportion. In the instance 
of neglected disproportion the cervix is held 
fast by the taut cervical supports. Contrac- 
tions of the powerful corpus uteri of necessity 
lead to longitudinal stretching with injury and 
ultimate rupture of the weaker lower pole of 
the uterus. The rupture of old cesarean sec- 
tion scars, often cited as evidence of isthmic 
thinning, occurs perhaps as frequently prior to, 
as during, labor. It is doubtless due to mecys- 
tasis or lengthening of the circular muscle, 
which occurs as the isthmus adapts itself to its 
contents during the second half of pregnancy, 
or as it enlarges laterally during early Jabor to 
allow the passage of the fetus. 

Incidental observations. The examination of 
the specimens brings to light many factors 
incidental to labor which heretofore have not 
been fully appreciated. Among these are: 
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Uneven retraction of the corporeal muscula- 
ture. As may be observed in the illustrations, 
retraction is quite even throughout the corpus 
in the first and third stages, and fairly so in 
the early second stage. In the late second 
stage, however, retraction is grossly unequal 
in the various parts of this structure. Certain 
of the human frozen sections, notably many of 
those of Canton and Gonzalez, show similar 
inequality of corporeal thickness at this time. 

Excursion, with ultimate complete oblitera- 
tion, of the vaginal vaults. As the cervical lips 
rise in the pelvis, so must the vaginal fornices 
rise. This accordion-like action of the vagina 
is perhaps not fully appreciated. Its tremen- 
dous distensibility is well illustrated in Figures 
g and ga. 

Evidence of beginning separation of the pla- 
centa before completion of the second stage. If a 
monkey is unrestrained in the third stage of 
labor she will pull upon the umbilical cord 
immediately after the birth of the fetus, to 
remove the placenta. If it does not come 
away after the first pull, it generally does so 
after a few minutes. This indicates that in 
the monkey the placenta is almost completely 
separated at the end of the second stage of 
labor. This is verified by our sections. Early 
separation of the placenta has often been 
postulated in the human being, but there is no 
definite evidence either supporting or refuting 
it. In favor of such a postulation is the recent 
confirmation by Steer and Sullivan in a large 
series of cases that the placenta may be de- 
livered almost invariably within 2 to 3 min- 
utes after the baby, if a Credé maneuver is 
performed at the moment when the uterus 
first adapts itself to its suddenly diminished 
contents. This observation has been made by 
numerous other workers since its original pres- 
entation by Chantreuil in 1870, following the 
suggestion of Credé. 


SUMMARY AND CONCLUSIONS 


1. The present understanding of the anat- 
omy of the nonpregnant and early-pregnant 
uterus has been outlined. The necessity of 
considering the isthmus uteri as an important 
and distinct part of the uterus has been em- 
phasized. The terminology used is defined, 
and is based on anatomical, physiological, and 


on comparative anatomical and physiological 
observations. 

2. Frozen sagittal sections of 30 Macacus 
rhesus monkeys at consecutive, chronological 
phases of late pregnancy, labor, and the puer- 
perium have been made. Reproductions of ro 
of these and of 1 of 3 nonpregnant animals 
are here presented. The entire series has been 
thoroughly studied with the view to determin- 
ing the precise changes which occur in the 
laboring primate uterus. The conclusions 
recorded are based upon the analysis of the 
entire series of animals. All of the available 
human frozen sections have been similarly 
analyzed. The latter are not presented at this 
time. Although the human specimens were 
not satisfactory for the observation of many 
of the details, one receives the definite impres- 
sion that the findings in the monkey are for 
the most part characteristic of those occurring 
in the human being, with only a few minor 
quantitative differences. Our observations 
concerning the changes in the human uterus 
are generally in agreement with the models 
prepared by Dickinson and Belskie, which are 
based upon a similar analysis of the human 
frozen sections. 

3. In the first stage of labor retraction is 
limited chiefly to the isthmus uteri in the 
monkey. The intrinsic dimensions of the cer- 
vix do not alter appreciably despite the facts 
that dilatation occurs and that the lips rise to 
a slightly higher level in the pelvis. The total 
internal circumference of the uterus and the 
internal circumference of the corpus show 
only a slight amount of reduction in the first 
stage. 

4. Inthe second stage of labor in the monkey 
the cervix rather quickly retracts to or above 
the true conjugate. Obviously, this elongates 
the vaginal portion of the birth canal. On the 
basis of the total internal circumference, re- 
traction in the corpus and isthmus is at a 
proportionally similar rate during the early 
portion of the second stage. Maximal isthmic 
shortening occurs early, however, and is sus- 
tained until this segment relaxes to receive 
the placenta. The corpus, on the contrary, 
continues to manifest progressive shortening 
or brachystasis, which becomes especially 
marked after a part is born. 
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5. The cervical lips ascend to a higher level 
in the monkey than in the human being. 

6. The question of “thinning out of the 
lower uterine segment”’ is discussed briefly. 
Longitudinal lengthening of the isthmic seg- 
ment does not occur in the monkey, and 
human frozen sagittal sections do not support 
its occurrence in this species in the absence of 
disproportion. The isthmic segment does 
seem relatively thin in contrast to the corpus 
which lies above. The latter is more bulky to 
begin with, and it is possible that this may 
lead to the clinical impression of a ‘‘thinned 
out lower uterine segment,” whereas, in real- 
ity, the isthmus is undergoing perceptible 
longitudinal shortening. Our material allows 
no conclusions concerning the activity of 
the circular muscle of the isthmus during 
labor. Obviously, however, definite circular 
lengthening of the lower pole of the uterus 
must occur in order that the fetus be allowed 
to pass. Circular lengthening, then, may ac- 
count for thinning in the lower portion of the 
isthmic segment. However, this does not ex- 
plain thinning as it is commonly thought to 
occur throughout this segment. 

7. In the monkey, and likely in the human 
being, separation of the placenta is almost 
complete by the end of the second stage of 
labor. In our specimens the lower edges of the 
placenta were separated by the time a part 
was born, after which separation of the re- 
mainder of the placenta progressed rapidly. 

8. At the beginning of the third stage of 
labor the uterus shortens and retracts still 
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further. The placenta then lies partially in the 
vagina, partially in the lower pole of the uter- 
us. After removal of the placenta there is 
almost instant return of the uterus to its 
general shape prior to pregnancy. 

9. Some incidental observations are recorded. 


The authors wish to express their appreciation to Miss 
Charlotte Holt for her interest in the preparation of the 
illustrations which accompany this presentation. 
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RECURRENT FRACTURE 


WILLIAM A. EVANS, Jr., M.D., 


T is commonly believed that when a fracture 
heals without deformity the bone structure 
at the fracture site is as firm if not more so 
than before. This certainly seems to be 

true in most instances. Fractures which recur 
at the site of a fracture deformity or of an old 
pathological process where there is structural 
weakness are easily understood and do not call 
for comment. Such recurrent fractures were ap- 
parently frequent in the time before Roentgen 
and Lister when wound infection and the inac- 
curate reduction of fracture deformities were 
more common. There is, however, a group of 
cases deserving consideration in which the cause 
of refracture is not as apparent. 

Small groups of these cases have received com- 
ment in the European literature. Troell, in 1917, 
reported 4 cases and mentioned a few others. He 
pointed out that the new fracture is never an 
anatomical copy of the old one, even when the 
latter is not completely healed. Disease, atrophy, 
and foreign bodies at the fracture site were 
thought to predispose to refracture. His cases in- 
cluded (1) a 50 year old man with a fracture of the 
humeral shaft, showing complete healing after 
operative reduction and then a refracture 5 
months later; (2) fractures of the mid radius and 
ulna in a 12 year old patient, reduced by open 
operation and ivory implants, and a refracture 
17 months later; (3) 2 fractures of the femoral 
neck occurring 6 years apart in a 65 year old male; 
and (4) 3 fractures of the tibia, the third one 
occurring 13 years after the other two, in a 31 
year old male. 

Peritz, in 1927, reported 6 cases in children be- 
tween g and 16 years of age, 2 of whom were 
siblings. The children were otherwise healthy 
and there had been no other fractures. The in- 
terval between the fractures was from 5 weeks to 
3% months. As a possible explanation she gave 
deficient callus production at the first fracture 
site due to the very limited injury to the peri- 
osteum. Two of the fractures were subperiosteal 
in type, and there was formation of calcium-poor 
zones, such as are seen in hunger osteopathy and 
the so called “chronic” fracture. Other factors 
considered were late results of starvation during 
the war and an avitaminosis of the winter months, 
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inasmuch as the cases appeared at that season of 
the year. It was further noted that all fractures 
had occurred in the mid-diaphysis and it was be- 
lieved that an injury to the nutrient artery and 
the resultant changes in the bone might be a basis 
for refracture. 

Strauss and Mandel, in 1932, reported 7 pa- 
tients with fractures recurring after intervals of 
4, 7, 13, 16, 28, 32, and 36 weeks. The patients 
were between 6 and 27 years of age; 3—14, 17 
and 6 years of age—had fractures in the forearm, 
3 in the lower leg, and 1 in the thigh. Although 
the fractures recurred at the exact sites of the old 
fractures, they pointed out the slightly different 
character and configuration of the fracture lines. 
They regarded refractures of this type as very 
rare and considered malnutrition as a factor 
in their causation. 

Slaviero, in 1939, has reported 16 cases of re- 
fracture but most of these occurred in cases in 
which there was much deformity at the first 
fracture site or in which the first fracture had 
been complicated by infection. In 6 instances, 
however, the basis for refracture was not so readily 
apparent. These patients were 13, 12, 11, 16, 13, 
and 32 years of age, and the fractures had recur- 
red after intervals of 8, 11, 6, 5, 21, and 22 weeks, 
respectively. 

The x-ray was used very sparingly and, in some 
of the cases, it would appear that the healing of 
the fracture had not been complete. The author 
gives the general causes of defective healing which 
are well known but has regarded fractures of the 
forearm in children as a special instance. Here 
the fractures may be subperiosteal with insuf- 
ficient injury to the periosteum to cause callus 
formation or there may be injury to a nerve 
or nutrient artery as a possible basis for the re- 
fracture. 


MATERIAL 


In a study of refracture, one may first consider 
a group of cases in which there is some demon- 
strable and reasonable basis for the second frac- 
ture. We have encountered instances of gen- 
eralized and local pathological conditions of bone 
which predisposed to refracture and one instance 
in which a fracture had recurred many years 
after the implantation of a foreign body in the 
successful repair of the first fracture. 
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Multiple fractures are a well recognized feature 
of osteogenesis imperfecta, but perhaps less well 
recognized is the tendency for the fractures to 
recur at the same site in different bones. This is 
well illustrated in Case 1 in which there were 
multiple fractures of both femora and of the right 
tibia, the recurrent fractures appearing at, or near, 
the old fracture sites. This is in part due to the 
deformity with which healing occurred, resulting 
in a structural weakness which predisposed to a 
refracture at that point. In other instances, how- 
ever, it would appear that the healing of the frac- 
ture had occurred with the formation of par- 
ticularly fragile bone in that area and this seems 
to be borne out by the character of the recurrent 
fracture line. 

Recurrent fractures in an area of pathological 
bone structure and at the site of a foreign body 
are readily understood and are well illustrated 
by Cases 2 and 3. Nevertheless, it is of interest 
to observe that although the healing of the first 
fracture in Case 2 was apparently quite normal, 
in reality an osteitis fibrosa had developed and 
was not discovered until the time of the second 
fracture. In Case 3 there was without doubt a 
fragility of the bone structure about the bone 
screw implants, but this was not evident from an 
examination of bone structure by x-ray either 
at the new fracture site or of the intact bone 
about the proximal screw. Not only had there 
been no absorption of bone about the screws, but 
the bone was unusually dense. 

The largest group of cases in this series is made 
up of those having recurrent fractures of the 
bones of the forearm. Others have commented 
on the peculiar liability of fractures involving the 
shafts of the radius and ulna in children to recur, 
and this is borne out by the fact that we have en- 
countered 8 such cases although this is not one 
of the most common sites of fracture either in 
children or adults. The most common fracture 
in children is at the lower end of the radial diaphy- 
sis, 1 to 2 centimeters proximal to the distal 
epiphyseal line. No instances of a refracture in 
this area were encountered, and it may be inferred 
that here healing takes place with the formation 
of a bone structure more solid than before. This 
idea receives some support from Cases 16 and 
17, in which a Colles’ type of fracture was fol- 
lowed after a short interval, in 1 instance only 3 
months, by a second injury with fracture in the 
forearm. Although the type of injury seemed to 
be due to the same mechanical forces, the second 
fracture did not occur at the old fracture site 
which would have been the case if that were a 
locus minoris resistentiae, but rather in the shaft 
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some distance proximal to the old fracture site. 

The 8 cases with recurrent fractures in the mid- 
portion of the shafts of the radius and ulna give 
evidence that in children, at least, healing of 
fractures in this area may fail to restore the bone 
to its original strength. The altered character of 
the bone structure after healing is shown by the 
peculiar configuration of the second fracture lines 
which was observed in all instances and suggests 
an abnormal fragility of the bone. These second 
fracture lines resemble the fracture lines seen in 
osteogenesis imperfecta, as well as the fracture 
lines observed in rickets and the “insufficiency 
fracture” described by Hansson and others. 

One reason that has been suggested for the in- 
creased fragility in these cases is an involvement 
of the nutrient foramen and a consequent impair- 
ment of the blood supply to the bone. This is 
conceivable in Cases 4, 6, 10, and 11, but would 
not apply to Cases 5, 7, 8, and 9, in which the 
fractures have occurred at some distance from 
the positions usually given for the nutrient 
foramen. Nevertheless, it is possible that in the 
shaft where the cortex and medulla are sharply 
differentiated, the blood vessels or nerves may 
be more seriously injured than in the cancellous 
portions without actual involvement of the fora- 
men. 

Other possibilities for the fragility of the bone 
are the complications present during healing in 
some of the cases: a pressure ulcer in the skin of 
Case 4, a respiratory infection and incomplete 
immobilization of the arm in Case 7, chickenpox 
in Case g, and soft tissue atrophy in Case to. 

A further possibility is a constitutional pe- 
culiarity of these children. Many of them tended 
to be undernourished, and the extremities were 
strikingly thin and wiry. Six of the 8 were defi- 
nitely below the average weight for their age and 
height and were described as “poor eaters” and 
“delicate,” as compared with their brothers and 
sisters. A mild form of osteogenesis imperfecta is 
suggested by the thin bluish sclerae and the hyper- 
flexibility of the ligaments which many showed. 

In the treatment of fractures of the forearm in 
children, where the shafts of the radius and ulna 
are involved, it seems advisable to recommend 
that these children, and those responsible for 
their care, guard against the possibility of further 
injury even after recovery seems complete. The 
liability to refracture might also be lessened if 
the food intake could be increased and the nu- 
tritional state improved. 

Comparable in many respects to the 8 cases of 
refracture in the radius and ulna are the 2 cases 
(12 and 13) of refracture in the clavicle. The 
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April 13, 1939. 


April 20, 1938. 


Fig. 1. Case 1. 
bones of both legs. 
April, 1939; and August, 1940. 





September 14, 1939. 
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August 13, 1940. 


Severe osteogenesis imperfecta with numerous fractures of the 
Fractures occurred in the left femur in April, 1933; April, 1938; 
All of these fractures took place at the same site in 


the femoral shaft after osseous union had occurred. 


shafts were involved where the cortex and medulla 
are sharply differentiated and near the nutrient 
foramen. Both children suffered upper respira- 
tory infections during the period of healing and 
the character of the second fracture lines indi- 
cated an abnormal fragility of the bone. Some 
features of osteogenesis imperfecta were observed 
in Case 12, and this patient was below the average 
weight for his height and age. 

Two cases remain which present certain new 
features and raise new questions. Case 14 is not 
strictly pertinent to this study for, although the 
2 fracture sites in the tibia appear identical, 
the growth of the bone during the interval of 6 
years has displaced the old fracture site some 
distance distal to the new fracture site.’ Thus 
we are not faced with a true exception to the ob- 
servation that refractures occur in the compact 
structure of the shaft rather than in the spongy 
areas at the ends of the long bones. Case 15 
concerns a very obese boy of 18 who sustained 
3 fractures in the same area of the fifth meta- 
tarsal bone with intervals of 51 months and 4% 
months between them. The fractures were each 


1A study of the chart in a monograph of the Society for Research in 
Child Development (16) giving the growth in length of the tibial shaft 
during childhood indicates an average growth of 12 centimeters in the 
interval between the fractures. Assuming a growth of 6 centimeters at 


each end would bring the new fracture well proximal to the old fracture 
site. Inasmuch as the child was very close to the average weight and 
height and the growth of the tibia is about equal at each end, this 
assumption seems valid. 


preceded by a definite acute trauma producing 
severe pain and each injury was sustained in a 
slightly different way under different circum- 
stances. March fractures usually involve the 
second metatarsal bone although Koch has de- 
scribed one in the fifth metatarsal in a deformed 
foot. Furthermore Watson-Jones states that 
metatarsal fractures due to muscle strain may 
recur. Although the obesity in this instance may 
have been productive of muscle and bone strain, 
an insidious history of progressive pain without 
acute injury which is characteristic of march foot 
is quite unlike the history in this case. The 
rather short interval between the fractures sug- 
gests that healing may not have been complete 
at the time of the refracture. This is contra- 
dicted, however, by the facts that the patient 
made a complete clinical recovery after each 
fracture, using his foot in a normal manner again 
without pain and that the new fracture lines were 
of slightly different configuration than the old 
ones. 

FURTHER FACTS ON RECURRENT FRACTURES 

Upon the observation of a recurrent fracture, 
the question arises as to whether the healing of 
the first was complete. In some of the cases the 
x-ray studies indicated complete healing and in 
all cases there was clinical evidence of healing 
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April 20, 1938. August 29, 1938. 





November 29, 1938. September 14, 1930. 


Fig. 2. Case 1. Similar changes are seen in the right thigh where fractures of the 
femur are known to have occurred in June, 1937; April, 1938; August, 1938; and (?) 


September, 1939. 


as indicated by normal use of the part without 
pain. The interval between the fractures, al- 
though in some instances barely over 3 months, 
exceeded the period generally considered neces- 
sary for healing in uncomplicated cases. How- 
ever, the available clinical evidence of complete 
healing of human fractures is admittedly not en- 
tirely adequate and for further information one 
must turn to animal experimentation. Lindsay 
and Howes, in 1931, reported studies on the 
breaking strength of healing fractures in the 
fibulas of rats. They quote Leriche to the effect 
that the healing rate in bone was the same for all 
animals that he studied so that their results may 
have an applicability to man. They found the 
breaking point of the rat fibula to be at a strain 
of from 285 to 580 grams. During healing, 
strength first appeared at the fracture site on the 
sixth day and there was a rise in strength to an 
average resistance of 341 grams at 21 days. This 
was followed by a slight fall to 277 grams on the 
thirty-third day and a subsequent rise to 465 
grams at 45 days. At this time the bone at the 
fracture site was as firm as elsewhere and there 
was no predilection for the fracture to occur at 
the old fracture site. The first peak of healing 
strength coincided with the maximum extent and 
density of the callus and the subsequent fall was 
correlated with the absorption of the callus sur- 
rounding the bone and in the medullary canal. 
‘urther observations (6-9) with the rats on vari- 
ous diets showed most consistently that “changes 
in the quantity of food consumed and the rats’ 


weight exert a strong influence on both the healing 
and the normal breaking strength of the fibulas.”’ 
The greatest loss of strength was noted on a high 
carbohydrate diet with lesser changes on a high 
fat, low calcium diet. Maximum healing strength 
was obtained in about 45 days on all diets. 





November 29, 1938. Sept. 14, 1939. December 18, 19309. 


Fig. 3. Case 1. The right lower leg with fractures of 
the tibia in November, 1938; September, 1939; and De- 
cember, 1939. 
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July 19, 1939. 


December 7, 1938. March 28, 19309. 


Fig. 4. Case 2. Two recurrent fractures in the shaft of 
the right tibia in a French-Canadian boy who sustained the 
original fracture on November 25, 1933, at the age of 3 
years and 7 months. The original films are not available 
but the report indicates no abnormality in the bone struc- 
ture at the fracture site at that time. The healing was 
apparently satisfactory although a cystic formation was 
discovered at the time of the second fracture on December 
7, 1938. A third fracture occurred on July 19, 1939, and 
this was followed by surgical exploration with a diagnosis 
of osteitis fibrosa cystica on the material removed for 
pathological study. 


Haebler and Reiss, in 1936, made studies on 
the tension and bending strength of excised canine 
long bones. No relation could be established be- 
tween the flexibility to bending or tension and 
the age, weight, length, or in the calcium or water 
content of the bone. This is admittedly in con- 
trast to man in whom the fragility of bones in the 
aged and the flexibility of the bones in the child 
are well recognized. Marked differences were 
found in different bones of the same animal. In 
studies on healing fractures they found that the 
extent and density of the callus as demonstrated 
by x-ray may be misleading in estimating the 
strength at the fracture site, and there was no 
close correlation between the calcium content of 
the dried material at the fracture site and the 
firmness of healing. Water content seemed to be 
of considerable importance. They believed the 
best evidence of healing to be painlessness under 
strain. 

The effect of the diet and vitamin intake on the 
healing of fractures has been subject to much 
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August 11, 1939. 


August 28, 1934. September 13, 1934. 


Fig. 5. Case 3. Recurrent fracture of the femoral shaft 
in an 8 year old boy 5 years after the original fracture 
which was treated by open operation and the implantation 
of two bone screws. 


study. A review of this material was published 
in a monograph by Hertz, in 1936. Recurrent 
fractures during attacks of scurvy were reported 
in sailors by Richard Walter in 1749, Mead in 
1762, Marriques in 1783, Bell in 1788, Callisen 
in 1798, Hammick in 1830, Budd in 1840, and 
Moore in 1859. Israel and Fraenkel studied this 
phenomenon experimentally and found that 
scurvy may soften a callus already formed and 
facilitate refracture. Their findings were sup- 
ported by the experiments of Schilowzew and 
contradicted by those of Roegholt. Hertz made 
experiments on scorbutic guinea pigs and could 
not substantiate the conclusions of Israel and 
Fraenkel. Thirteen animals with fractures of the 
fibula were placed on a scorbutic diet after 28 
days, and they died in from 54 to 71 days. All 
of the fractures were found well healed. Hunger 
osteopathy and the occurrence of a chronic frac- 
ture as the result of mechanical strain are offered 
as an explanation for the observations in scorbutic 
sailors and in the animals studied by Israel and 
Fraenkel. Delayed healing of fractures in sub- 
jects deficient in vitamins A, B, and D has been 
reported. In the cases of recurrent fracture which 
we have studied there was no evidence of vitamin 
deficiency either in the history of food intake or 
in the appearance of the bone structure. How- 
ever, an impressive number of the patients were 
underweight and had a poor appetite so that 
possibility of some food deficiency and dietary 
osteopathy must be considered. 

A number of papers have appeared, chiefly in 
the foreign literature, on the occurrence of in 
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sidious or chronic fracture. The best examples 
are the march foot and the fissure fracture of the 
tibia which are prone to occur in young military 
recruits subjected to unaccustomed strain. Cases 
have been described and discussed by Koch, Ol- 
lonquist, Reischauer, Hansson, Pfahler, and 
others. It is generally agreed that there is no 
acute trauma, but that under the influence of 
prolonged strain a periosteal proliferation occurs 
followed by the appearance of a fissure in the 
cortex. The symptoms are insidious in onset and 
progressive in character. The first x-ray studies 
may be negative as the callus does not become 
demonstrable for 8 weeks or more (Koch). Frac- 
tures of this type also are seen in undernourished 
individuals as a manifestation of a hunger oste- 
opathy or rickets. Although the fracture lines 
bear a certain resemblance to the refractures seen 
in this study, an identity cannot be established, 
for in all of our cases the refracture was accompa- 
nied by a very definite history of acute trauma, 
and there was no deformity or habit of behavior 
productive of a chronic strain. Furthermore, the 
old fractures were symptomless at the time of the 
refracture. 


CONCLUSIONS 


1. Fractures are prone to recur when a general 
or local disease of the bone is present, when heal- 
ing has occurred with deformity, and at the site 
of a foreign body. The basis for such fractures is 
readily understandable. 

2. A fracture may also recur at an old fracture 
site after healing has apparently been complete 
and in the absence of a significant deformity or 
recognizable complicating pathological process. 

3. The character of the new fracture indicates 
an abnormal fragility of bone at old fracture site. 

4. Recurrent fractures of this type are most 
often seen in the shafts of the radius and ulna of 
children. Such children are apt to have poor 
appetites and to be of less than average weight 
with thin extremities. The flexible ligaments and 
blue sclerae which many of them show suggest a 
constitutional background in common with 
osteogenesis imperfecta. 

5. It seems desirable for children who have 
had fractures of the shafts of the radius and ulna 
to take particular care against a second injury 
even after the healing of the first injury appears 
complete and to increase their food intake for 
the improvement of their nutritional state. 


CASE REPORTS 


Case 1. M.S.,C.H.D 3140. A white female of English 
nationality born on March 15, 1932, was first seen at the 
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August 12, 1940. 


September 5, 1939. 


Fig. 6. Case 4. Recurrent fractures of the left radius 
and ulna in a 9g year old boy after interval of 1 year and 
1 month. First view shows appearance of healing at frac- 
ture sites 6 weeks after the first injury. Healing was com- 
plicated by a pressure sore but recovery was eventually 
complete. Second view showing new fractures of different 
character at the old fracture sites. 


Children’s Hospital in April, 1938, having recently sus- 
tained a spontaneous fracture of the left femur. The dates 
of previous and subsequent fractures are as follows: the left 
femur in April, 1933, April, 1938, April, 1939, and August, 
1940; the right femur in June, 1937, April, 1938, August, 
1938 and (?) September, 1939; the right tibia in Novem- 
ber, 1938, September, 1939, and December, 1939. 

On May 28, 1938, the neck was explored surgically and 
a parathyroid gland somewhat larger than usual, encoun- 
tered at the right lower pole of the thyroid gland, was 
removed. Microscopic study of the specimen revealed 
nothing remarkable and the operation had no demon- 
strable effect on the patient’s course. Theelin was given 
for a period without effect. An x-ray study of the spine in 
September, 1939, showed a low mineral content of the bone 
structure, and the vertebral bodies had a marked bi- 
concave configuration as the result of expansion of the 
intervertebral discs. Multiple fractures of the ribs were 
also noted. The fractures of the left femur are illustrated 
in Figure 1 and show the tendency to recurrence in the 
areas of abnormal bone structure at the old fracture sites. 
The condition has been regarded as an osteogenesis imper- 
fecta and except for the deformities incident to that, the 
physical examinations have not been remarkable. 

CasE 2. R. P., C. H. 92720. This boy, born of French- 
Canadian parentage on April 25, 1930, was first seen at the 
Children’s Hospital in 1932 for bronchoscopic removal of 
a peanut. He was next seen on December 7, 1938, giving 
a history of falling while chasing another boy and injuring 
his right leg. It was later learned that a fracture had 
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November 26, 1939. March 26, 1940. 





April 29, 1940. June 18, 1940. 


Fig. 7. Case 5. Recurrent fractures of the right radius and ulna in a 7 year old boy 
after an interval of 5 months. The first two views show the first fractures with the ap- 


pearance of satisfactory healing after 4 months. 


fracture sites but are of different character. 


occurred in the right tibia 5 years previously, followed by 
satisfactory healing.! X-ray studies here in 1938 (Fig. 4) 
showed an oblique fracture through an area of cystic dis- 
ease in the middle third of the tibial shaft. There was no 
deformity as a result of the fracture and a cast was applied 
for 7 weeks. Healing occurred and the normal use of the 
part was regained although the area of pathologic bone 
structure persisted. 

On July 19, 19309, he fell again, sustaining another frac- 
ture in the right tibia with fracture lines similar but not 
identical to those observed previously. Healing was again 
occurring but it was decided to curette the cystic area and 
fill the cavity with bone chips. This was carried out on 
October 4, 1939, and pathological study of the material 
removed showed the characteristic appearance of osteitis 
fibrosa cystica. Satisfactory healing occurred with an un- 
eventful recovery and subsequent roentgen-ray studies on 
October 31, 1939, December 26, 1939, March 12, 1940, and 
May 14, 1940, and November 12, 1940, revealed increasing 
solidity of the bone structure with no new areas of cyst 
formation. 

Case 3. J. S., C. H. 117461. This patient, of French- 
Syrian parentage, born on July 16, 1931, was struck by a 
truck which passed over his left leg on August 7, 1934. A 
comminuted fracture of the lower tibia was recognized and 
treated accordingly. On August 28, 1934, a deformity of 
the left thigh was noted and a long oblique fracture of the 
femoral shaft was discovered (Fig. 5). The fragments were 

'The x-ray report from another hospital dated November 25, 1933 


describes an oblique fracture of the middle third of the right tibia. No 
mention is made of any cystic formation. 


The second fractures are at the old 


overriding about 3.5 centimeters, and there was callus at 
the fracture site, giving an appearance compatible with the 
date of the first injury. Because of the deformity an open 
reduction was performed with removal of the callus, re- 
section of the sclerotic ends of the fragments, traction, and 
correction of the overriding. With the fragments in close 
end-to-end approximation two bone screws were inserted. 
A plaster cast was applied for 8 weeks, at the end of which 
time “good union” was reported. 

There was no disability or complaint until August 10, 
1939, when he jumped about 10 feet from the roof of a 
garage and experienced pain and weakness in the left leg. 
X-ray studies showed that there had been complete healing 
at the old fracture site in the femur with no demonstrable 
osseous change about the bone screws. However, a new 
fracture had occurred involving the site of the more distal 
screw with a somewhat different configuration and charac- 
ter of the fracture line. After unsuccessful attempts at 
manipulation, an operation was performed on August 26, 
1939, and the lower screw, which lay between the frag- 
ments, was removed. The upper screw was firmly in place 
and could not be moved. Two steel Parham bands were 
applied with the fragments in close end-to-end approxima- 
tion. Healing occurred rather slowly and on April 12, 
1940, he was allowed up on crutches with a caliper brace. 
On October 8, 1940, the brace was removed and there was 
no pain or disability in walking except for a very slight 
limp. 

At an interview on November 2, 1940, the patient was 
observed to be an active, well nourished, and well developed 
boy weighing 33.5 kilograms for a height of 137 centi- 
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meters. There had been no other fractures than those here 
described, and in a family of 5 other siblings only one 
fracture had occurred and that was sustained in an auto 
accident. The diet had been adequate and well balanced. 
The sclerae appeared bluish but there was no deafness or 
abnormal flexibility of the ligaments. 

Case 4. S. A., C. H. C 2530. This Armenian boy, born 
on March 2, 1931, fell while climbing the back of a chair 
and injured his right arm, in April, 1937. The x-ray 
studies revealed greenstick fractures of the midradius and 
ulna. Following manipulation and immobilization satis- 
factory healing occurred without deformity or disability. 

On July 22, 1939, in a fight over a toy wagon, he was 
attacked by another boy and the two fell to the ground on 
his outstretched left arm. X-ray studies made in Provi- 
dence, Rhode Island, showed fractures of the middle 
thirds of the left radius and ulna with lateral and anterior 
angulation at the fracture sites. The deformities were 
reduced, and a fixation dressing was applied. On August 
7 a large pressure sore was discovered and a new dressing 
was applied. On his return to Detroit, x-ray studies were 
made at the Children’s Hospital on September 5, 1939 
(Fig. 6), and the fracture sites are well shown with bony 
union occurring in a satisfactory manner. The child re- 
covered the use of his arm completely. 

Enlarged tonsils were removed on April 22, 1940, and 
at that time the physical examination was otherwise 
negative. 

In August, 1940, while boxing he was tripped by his 
opponent and fell backward on his extended left wrist. 
X-ray studies on August 12, 1940 (Fig. 6), showed new 
fractures in the middle thirds of the left radius and ulna. 
It was evident that complete healing had occurred at the 
old fracture sites and the new fractures, although occurring 
in the same area, had a slightly different configuration of 
the fracture lines. Following manipulation, healing again 
took place. 

The boy appeared quite thin and very active, weighing 
about 24 kilograms with a height of 131 centimeters. This 
is a constitutional type shown by his parents and a sister. 
He was described as a “poor eater” but with no peculiari- 
ties of taste and with a good vitamin intake. No fractures 
other than those described have been sustained by him or 
his family. The sclerae were rather thin but not definitely 
blue. There was no deafness. The ligaments about the 
joints were quite flexible but not abnormally so. 

CasE 5. W. S., C. H. 118080. A male child, born 
January 15, 1933, of German extraction, was first seen at 
the Children’s Hospital in November, 1936, when a ton- 
sillectomy was performed for large tonsils. The physical 
examination was otherwise negative. On November 26, 
1939, he was pushed from a porch by his brother and sus- 
tained fractures of the right radius and ulna (Fig. 7). The 
deformity was reduced by manipulation, and immobiliza- 
tion in plaster was carried out for 10 weeks. Frequent 
x-ray examinations revealed satisfactory progress in heal- 
ing, and on March 26, 1940, healing was thought to be 
complete. The clinical findings confirmed this, and the boy 
made free use of his arm without complaint. 

On April 28, 1940, 5 months after the previous injury 
and 2% months after free use of the arm was allowed, he 
sustained a new injury to the right forearm in a fall while 
jumping during a game. The x-ray examinations revealed 
new fractures of the radius and ulna at the old fracture 
sites. There was, however, a slightly different configura- 
tion of the fracture lines. Immobilization in plaster for 
7 weeks resulted in satisfactory healing at both fracture 
sites. 

At an interview on October 16, 1940, the x-ray ex- 
mination showed complete healing with minimal de- 
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June 27, 1940. 

Fig. 8. Case 6. Recurrent fractures of the right radius 
and ulna in a poorly nourished, 7 year old girl, after an 
interval of 4 months and 2 weeks. Healing of the first 
fractures seemed satisfactory clinically and by x-ray on 
March 11, 1940, 2% weeks after the injury. The second 
fractures are distinctly different in character and delinea- 
tion although occurring at the old fracture sites. 


February 23, 1940. March 11, 1940. 


formity, and there was free use of the arm without dis- 
comfort. He appeared to be a rather thin and very active 
boy, weighing 27 kilograms with a height of 129 centi- 
meters. He had suffered no fractures other than those 
described but gave evidence of many minor cuts and 
bruises. There was no deafness but the sclerae were 
slightly bluish and the ligaments were of somewhat more 
than average flexibility. 

Case 6. L. D., C. H. 105617. A girl of Irish parentage, 
born on December 12, 1932, was first seen in the Out 
Patient Department in 1934, with eczema. She com- 
plained of a prolonged cold with cough in 1939 and much 
enlarged tonsils were found. The tuberculin skin test was 
negative. 

On February 16, 1940, her right arm was pulled violently 
while playing with an older girl, and an x-ray examination 
1 week later revealed transverse fractures of the middle 
thirds of the radius and ulna, the only deformity being a 
slight anterior angulation at the fracture sites. Immobili- 
zation in plaster was carried out for 6 weeks, and there was 
the usual progress in healing observed clinically and by 
x-ray. At the end of 6 weeks she was allowed free use of 
the arm and, although writing with the right hand, she 
continued to use the left for eating and striking other 
children. 

The second injury occurred on June 27, 1949, in a fall 
from a bicycle, and new fractures of the right radius and 
ulna were observed at the old fracture sites with, however, 
a slightly different character and configuration of the frac- 
ture lines. Following manipulation the right extremity 
was placed in immobilization in plaster for 9 weeks and 
there was again satisfactory progress in healing of the bone 
at the fracture sites. 
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; a fs, 
November 11, 1935. February 24, 1936. January 11, 1939. March 21, 19309. August 24, 1939. October 17, 1939. 
Fig. 9. Case 7. Left forearm of a male child who sus- complicated by an upper respiratory infection and in- 


tained fractures of the radius and ulna on 4 occasions— complete immobilization. There was good functional re- 
November 10, 1935; December 29, 1935, January 10, 1939; | covery and no deformity following the second, third, and 





and August 24, 1939. On the first occasion healing was fourth injuries. 





September 4, 1937. November 4, 1939. | December 3, 1940. December 28, 1940. 


Fig. 10. Case 8. Recurrent fracture of the left radius in a poorly nourished ro year 
old girl after an interval of 3 years and 3 months. At the first injury both the radius 
and ulna were involved and healing was observed to be complete 2 years later on 
November 4, 1939. The second fracture of the radius occurring at the injury of No- 
vember 22, 1940, was inconspicuous in the study of December 3, 1940, but is con- 
firmed by the appearance of callus on December 28, 1940. 


The patient was interviewed on October 16, 1940. There and thin, but very active girl, weighing 18.5 kilograms 
was free use of the arm without deformity or disability and _ with a height of 120 centimeters. This was a constitutional 
the x-ray examination revealed complete healing at the trait shared by the mother and her other children. She had 
fracture sites. She was observed to be an unusually small suffered no fractures other than those described and only 
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November 20, 1940. November 20, 1940. March 1, 1941. 


Fig. 11. Case 9. Recurrent fractures of the right radius 
and ulna in a 7 year old girl after an interval of 3 months 
and 1 week. Healing of the first fracture was complicated 
by chicken pox but appeared complete with no deformity 
or disability. The second fractures, although at the old 
fracture sites, have a different course and character. 


one other fracture in the family was recalled. She had been 
examined recently in the medical clinic, but no cause for 
her low weight was discovered. Her mother described her 
as a poor eater but there were no fancies or peculiarities of 
the diet. There was no deafness but the sclerae were thin 
and slightly bluish and there was more than usual flexibility 
at the joints. 

Case 7. M. S., C. H. E 286. This boy, born of Irish 
parentage on December 14, 1933, was seen at another hos- 
pital on November 11, 1935, the day following a fall out 
of bed and an injury to his left arm. The x-ray studies 
(Fig. 9) disclosed fractures of the midradial and ulnar 
shafts. Further study after the application of a plaster 
dressing showed an excellent end-to-end approximation of 
the fragments and a good alinement except for slight 
posterior angulation at the radial fracture site. The records 
do not reveal the length of the period of immobilization, 
but there is a note that on December 7, 1935, the cast was 
cut and passive motion applied. Convalescence was pro- 
longed and complicated by an upper respiratory tract 
infection without elevation of temperature and with a 
negative x-ray study of the chest on December 10, 1935, 
and he was not discharged from the hospital until Decem- 
ber 22, 1935. 

Six days later he fell while playing and again injured the 
left arm. X-ray films showed new fracture lines at the old 
fracture sites and a rather marked degree of posterior an- 
gulation. Following manipulation and immobilization an 
excellent position and alinement of the fragments was 
observed at the roentgen studies of December 29, 1935, 
January 25, 1936, and February 24, 1936. 

Recovery was apparently complete and he had normal 
use of his arm until January 10, 1939, when he was pushed 
from a bed while playing with his sister and sustained a 
new injury to the left arm. Fractures were again seen in 
the radius and ulna at the old fracture sites. The disaline- 
ment was corrected and immobilization in plaster was 
maintained for 10 weeks. Good use of the arm was re- 





August 22, 1940. February 9, 1941. 


June 27, 1940. 


Fig. 12. Case 10. Recurrent fractures of the left radius 
and ulna in a 14 year old girl after an interval of 7 months 
and 2 weeks. Healing of the first fractures was complicated 
by considerable atrophy, but there was no other deformity 
and good function was obtained. The second fracture lines 
are of distinctly different character than the first, although 
occurring at the same sites. 


gained and the clinical impression on April 18, 1939, was 
that the fracture was completely healed. On June 12, 1939, 
his foot became caught in a bicycle. Pain persisted and an 
x-ray examination on June 15, 1939, revealed a greenstick 
fracture at the lower end of the tibia. Immobilization in 
plaster was carried out for 6 weeks and satisfactory healing 
occurred. 

On August 24, 1939, he sustained a fourth injury to his 
left arm when pushed by some boys at play and for the 
fourth time a fracture was demonstrated in the midradius. 
The ulna appeared intact at this time. Satisfactory heal- 
ing occurred with immobilization in plaster for 9 weeks. 

At an interview on October 16, 1940, the boy was ob- 
served to be very active physically and mentally. He 
weighed 22.5 kilograms with a height of 117 centimeters 
and appeared well nourished. His mother had observed 
that in the past his wrists had appeared thin compared 
with those of his brothers and sisters and he had inclined 
to be “delicate” although he had recently become more 
robust. His diet seemed satisfactory and he had a good 
appetite, but he had small, poorly developed teeth. The 
sclerae appeared bluish and the ligaments were quite flex- 
ible at the joints but there was no deafness. He had 
sustained no fractures other than those described. One 
sister had suffered a fracture of the clavicle in an accident 
but no other fractures in the family were recalled. 

Case 8. R. O’C., C. H. C 4098. This girl, born of Irish 
parentage on October 24, 1930, was first seen at the Chil- 
dren’s Hospital on June 14, 1937. She had large tonsils and 
an uneventful tonsillectomy was performed on July 18, 
1937. On September 3, 1937, she fell about a foot while 
playing on a small tree stump, injuring the left arm and 
crying with pain for 2 hours. The x-ray examination the 








214 SURGERY, GYNECOLOGY AND OBSTETRICS 





December 1, 1940. February 4, 1941. April 8, 1941. 


Fig. 13. Case 11. Recurrent fractures of the left radius 
and ulna occurring in a 9 year old boy after an interval of 
4 months and 1 week. The healing of the first fractures 
was complete by x-ray films February 4, 1941, and by 
clinical examination, and free use of the part was regained. 
The different character of the new fracture lines at the old 
fracture sites is well shown. 


next day showed transverse greenstick fractures in the 
middle thirds of the radial and ulnar shafts with slight 
palmar angulation at the fracture sites. After the manipu- 
lation a plaster dressing was applied for 6 weeks. Satisfac- 
tory use of the part was obtained but for some time there 
was tenderness about the fracture sites and for a long time 
the part would ache during inclement weather. Even when 
recovery seemed complete her mother noted that she would 
tend to protect that arm. A second injury occurred on 
November 4, 1939, when she was struck in the posterior 
aspect of the lower part of the left upper arm. Swelling 
and ecchymosis appeared, and there was pain for a few 
days but the x-ray studies were negative and there was 
observed to be a normal appearance of the bone structure 
at the old fracture sites, with no deformity. The arm was 
carried in a sling for 3 weeks, and a good recovery was ob- 
tained. 

On November 22, 1940, she fell 12 or 14 feet while play- 
ing on the edge of a sand pit, again injuring the left fore- 
arm, and there was immediate severe pain causing her to 
cry for 2 hours. The pain persisted and on December 3, 
1940, she came to the clinic for x-ray studies. These 
showed a soft periosteal shadow about the middle third of 
the radial shaft at the old fracture site and a very slight 
disturbance in the bone structure which was not present 
at the examination of November 6, 1939. Re-examination 
on December 28, 1940, showed some resolution and in- 
creased density of the periosteal deposits and the irregular- 
ity of the bone structure was seen a little more clearly so 
that there was no reasonable doubt that a second fracture 
of a very limited subperiosteal type had occurred at the 
old fracture site. 

At the interview of December 28, 1940, there was no 
complaint of pain and she exhibited free use of the arm, 


although her mother said that there was sometimes pain at 
night requiring a hot water bottle. She had sustained no 
other fractures nor were there fractures in any of 6 siblings. 
Her appetite had been generally poor and she cared little 
for meat or vegetables. She was decidedly thinner and less 
robust than her healthy brothers and sisters. Her weight 
at this time was 26 kilograms for a height of 138 centi- 
meters. The ligaments about the joints showed more than 
the usual flexibility and the sclerae appeared thin with a 
bluish cast. There was no deafness. 

Case 9. N. McK. A white girl born on March 25, 1933, 
and living in comfortable circumstances, tripped over her 
rubbers while running on a playground at school and fell on 
her extended right arm on November 20, 1940. She was 
referred to us a few hours later as a private patient of Dr. 
Charles Kennedy and the x-ray examination disclosed 
greenstick fractures of the radius and ulna near the junc- 
tion of their middle and distal thirds with a sharp anterior 
and medial angulation at the fracture sites. Under ether 
anesthesia the normal alinement was restored, and a plaster 
dressing was applied. Re-examination with the dressing in 
situ showed the fragments in close end-to-end approxima- 
tion with an excellent alinement in both planes. The 
immobilization was maintained for 4 weeks and then was 
discontinued temporarily for early physiotherapeutic meas- 
ures, extending over a period of 3 days, when the cast was 
discarded entirely. Convalescence was complicated at this 
point by an attack of chickenpox, but the normal use of 
the right arm was regained and there was no complaint or 
deformity of any kind. 

On March 1, 1941, while roller skating she fell again on 
the right arm and sustained a marked deformity as before. 
Refractures at the old fracture sites were demonstrated 
on the x-ray films but with a slightly different character 
and configuration of the fracture lines. There was again 
marked angulation toward the radial and volar aspects. 

At an interview on this date she was observed to be a 
fairly well nourished blond girl of pleasing appearance and 
weighing 27 kilograms with a height of 135 centimeters. 
The arms and legs were quite thin and there was more than 
the usual flexibility at the joints. Her mother described her 
as a “poor eater” taking food very slowly and having an 
aversion to meat. She liked a variety of vegetables, how- 
ever, and drank three glasses of milk daily. The sclerae 
were white and there was no deafness. The patient had 
sustained no fractures other than those described and none 
had been experienced by her mother or 4 sisters. Her 
father has been involved in accidents with fractures of the 
nose and at the ankle. 

Case 10. E. W. This girl, a private patient of Dr. 
Darling of Pontiac, Michigan, was born on June 8, 1926. 
On June 27, 1940, while playing out of doors she jumped on 
a bench which tipped over and she was thrown to the 
ground on her outstretched left arm. Fractures of both 
bones of the forearm occurred, the ulnar fracture being 
quite oblique, with the end of the proximal fragment per- 
forating the skin. X-ray studies (Fig. 12) on the same day 
showed the fractures with angulation anteriorly and to- 
ward the radial side particularly at the ulnar fracture site. 

The deformity was reduced by manipulation and a 
plaster dressing was applied and kept on for 8 weeks. The 
arm was markedly atrophied and remained thinner than 
the right one until the time of the second injury. There 
was no pain or other deformity, however, and the arm was 
used quite freely except for some slight limitation of pro- 
nation and supination. The puncture wound in the skin 
healed well and there were no signs of inflammation or 
infection. 

She attended school during the autumn in good health 
and engaged in all of the usual activities. On February 9, 
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October 15, 1938. 


February 22, 1940. 





December 11, 1940. 


January 4, 1941. 


Fig. 14. Case 12. Recurrent fracture of the clavicle in a 2 year old boy after an in- 
terval of 2 years and 2 months. The first fracture occurred at birth and was observed 
to have healed without deformity in a study of the chest on February 22, 1940. The 
peculiar character of the second fracture line is well shown. 


1941, she went skiing and again injured the left forearm. 
X-ray studies on the same day showed new fractures of 
both radius and ulna at the old fracture sites. There had 
apparently been complete healing at the old fracture sites 
with the formation of dense bone. The recent fracture 
lines had a different character and configuration than the 
first ones and resembled those seen in “brittle bones.” 
Whereas the first fracture of the ulna was oblique the 
present one was transverse. No disalinement was demon- 
strable at this time except for the slight angulation of the 
ulnar fragments toward the radius with the former fracture 
well healed. 

At an interview on March 10, 1941, she was seen to be a 
rather thin and pale girl weighing 46 kilograms with a 
height of 164 centimeters. There was an unusual degree 
of mobility at the joints but the sclerae were white and 
there was no deafness. Her mother described her appetite 
as very poor and she had always been smaller for her age 
than her two sisters. She disliked meat and could not eat 
eggs. There was a moderate intake of milk and fruit and 
small amounts of vegetables. The only fracture other than 
those described was one involving the right clavicle at the 
age of 7. No fractures had been experienced by the two 
sisters or either parent. 

Case 11. R. DeT., C. H. F 8266. This boy was born of 
Italian parentage on October 5, 1931, and on December 1, 
1940, while sledding placed his extended left arm against a 
tree to avoid hitting it and felt something snap. There was 
considerable deformity of the forearm and the x-ray 


examination a few hours later revealed fractures in the 
middle thirds of the radial and ulnar shafts (Fig. 13). 
After several attempts at manipulation over a period of 6 
days, the fragments were finally brought into a satisfactory 
position and alinement, as viewed in both planes. The his- 
tory and physical examination at this time disclosed that 
he had been breast fed in infancy and had had no cod liver 
oil and very little orange juice. The tonsils were described 
as large and irregular and the teeth poor. There was no 
anemia—hemoglobin 13.7 grams/1o0o cubic centimeters— 
and the tuberculin and Kline tests were negative. The 
elbow and wrist joints were immobilized in plaster until 
February 4, 1941, and the arm was kept in a sling for an- 
other 2 weeks. The x-ray examination of February 4, 1941, 
showed the alinement excellent in both planes with solid 
bony union occurring at both fracture sites. On March 
II, 1941, the fracture was considered healed with a “good 
result.” 

The arm was used without pain or disability and 
neither the child nor his mother observed any difference 
in the size or alinement of the two arms. In March he 
played baseball pitching for a 4 man team which won the 
game. He also engaged in other sports, especially fighting, 
and his mother stated that he was always active as before. 
On April 8, 1941, while chasing a girl in a fight at school, he 
fell on his outstretched left arm and sustained another in- 
jury. X-ray studies showed new fractures of the radius and 
ulna at the old fracture sites. The character and con- 
figuration of the fracture lines were quite different at this 
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March 23, 1939. 


Fig. 15. Case 13. Recurrent fracture of the clavicle 
occurring in a 4 year old girl after an interval of 1 year and 
11 months, There was a temporary deformity at the first 


time, however. The bone, although dense, appeared to 
lack a normal structure and the appearance of the fracture 
lines indicated an increased fragility. 

At an interview on April 19, 1941, he was seen to be an 
active child with thin, wiry extremities. There was a little 
more than the usual flexibility of the ligaments about the 
joints and the sclerae were distinctly bluish, but there was 
no deafness. He weighed 26 kilograms and measured 127 
centimeters in height. He had had no other fractures than 
those described and none was known in the parents or 4 
other siblings. His mother described his appetite as good, 
with a generous intake of eggs, vegetables, and meat, with 
fruit of some kind daily. 

Case 12. M.L., C. H. D 9432. This boy was born of 
Sicilian parentage on October 2, 1938, as one of a pair of 
twins. There was a cephalic presentation and delivery 





June 20, 1933. November 24, 1939. 


Figs. 16, above, and 17, right. Case 14. Recurrent frac- 
ture in the proximal metaphyseal area of the right tibia 
in an 8 year old boy, 6 years after the original fracture. 
Although the fracture sites appear to be identical the bone 
structure at the first fracture site has gone to form the 
cortex of the shaft and as the result of the growth of the 
bone lies some distance distal to the second fracture site. 


May 3, 19309. 
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February 15, 1041. 


fracture site but healing at the time of examination was 
apparently complete and there was no evidence of disability 
present. 


seemed to be uncomplicated, but 2 weeks later a deformity 
of the left clavicle was noted. The x-ray examination on 
October 15, 1938, showed a fracture without displacement 
of the fragments in the middle third of the clavicle with a 
large amount of callus at the fracture site. No treatment 
was advised, and in due course complete recovery occurred 
with free use of the arm and no sign of discomfort. 

He suffered from frequent upper respiratory infections 
and was seen many times on this account in the Out 
Patient Department. On March 6, 19309, he fell about 3 
feet, sustaining a fracture of the right parietal bone. Re- 
covery was complicated by mastoiditis for which a bilateral 
mastoidectomy was performed. On February 22, 1940, in 
the course of an upper respiratory infection, an x-ray study 
was made of the chest which incidentally revealed com- 
plete healing with a normal appearance of the bone 





November 24, 1939. 
Fig. 17. 
(Legend in left column.) 


June 20, 1933. 
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structure and no deformity at the old fracture site in the 
left clavicle. 

On December 11, 1940, he tripped while running with 
his twin brother and fell on his left shoulder with his arm 
beneath him. There was evident pain on lifting his left 
arm. An x-ray examination on the same day revealed a 
simple transverse fracture line at the old fracture site. Any 
question as to the presence of a recent injury was answered 
by a re-examination on January 4, 1941, which showed a 
large amount of soft callus at the fracture site. 

At an interview on this date the child was found to have 
aweight of 10 kilograms for a height of 83 centimeters. He 
seemed well nourished and his appetite was said to be 
excellent for a variety of foods. He had sustained no 
fractures other than those described and no fractures were 
recalled in the parents or in five siblings with the exception 
that one other child had sustained a fracture of the 
clavicle at birth. The sclerae were distinctly bluish and 
there was considerable flexibility of the ligaments but no 
sign of deafness. 

CAsE 13. B. A., C. H. E 2202. This girl was born of 
Polish parentage on August 5, 1937, and was first seen at 
the Children’s Hospital on March 22, 1939, following a 
fall on some steps which produced an injury to the right 
shoulder. The roentgen-ray examination demonstrated a 
fracture of the clavicle near the junction of the proximal 
and middle thirds with the usual deformity. A dressing 
was applied for immobilization and maintained for 6 weeks. 
At the roentgen-ray study of May 3, 1939, it was observed 
that osseous union was occurring with a large amount of 





April 5, 1937. February 7, 1938. 
September 22, 1937. September 7, 1940. 
_Fig. 18. Case 15. Two recurrent fractures in the shaft 
of the fifth metatarsal bone of an obese, 18 year old boy, 
ifter intervals of about 5 months during which healing 
appeared complete. Each fracture was immediately pre- 
ceded by an acute, severe trauma and the fracture lines 
have a slightly different character and configuration. 





July 26, 1940. 
Fig. 19. Case 16. Two views of the right forearm of a 
6 year old boy showing a recent fracture of the radius near 
the junction of its proximal and middle thirds and the 
dense bone structure at the site of a fracture which had 
occurred 10 months before. The first fracture was in the 
distal third and cancellous portion of the diaphysis. 


dense callus and with some overriding of the fragments, 
the distal end of the proximal fragment being displaced 
upward. After the dressing was removed, the child favored 
the right arm for a short period but she soon exhibited her 
normal right handedness, and there was no complaint or 
disability of any kind. The mother noted a lump at the 
fracture site but this disappeared in 1 or 2 months with no 
residual deformity. She experienced mild whooping cough 
in the spring of 1939 and chickenpox in the summer of 
1940. She had suffered from eczema since birth and at 1 
year of age was placed on a vegetable-poor diet for 6 
months without benefit. There had been occasional colds 
and on December 24, 1939, she was hospitalized for 
nasopharyngitis, otitis media, and cervical adenitis. 

On February 14, 1941, she fell from a couch and sus- 
tained a heavy blow to the right shoulder. Roentgen-ray 
study revealed a new fracture without displacement or 
disalinement of the fragments at the old fracture site. 
There was otherwise a normal appearance of the bone 
structure and the old fracture had apparently healed com- 
pletely and without deformity. 
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September 5, 1940. 


Fig. 20. Case 17. Two views of the right forearm of an 
11 year old negro boy showing recent fractures in the mid- 
dle thirds of the radius and ulna with dense bone structure 
in the cancellous portion of the radius proximal to the 
distal epiphysis at the site of a fracture which had occurred 
3 months before. 


At an interview at the time of the second fracture she 
was found to weigh 15.5 kilograms with a height of 95 cen- 
timeters and appeared well nourished although her mother 
said she had a poor appetite. She disliked meat but would 
eat milk, eggs, and vegetables. She was described as being 
very active with many falls and bruises but rarely any 
serious injury. She had sustained only the two fractures 
described, and there was no history of fracture in the par- 
ents or sister. The sclerae were considerably bluish but 
there was normal flexibility at the joints and no deafness 
was evident. 

Case 14. H. S., C. H. 89110. A Jewish boy born on 
October 30, 1931, was seen in the Children’s Hospital in 
1931 and 1932 for various minor complaints including a 
feeding problem. On June 18, 1933, he fell from a parked 
automobile and the right knee was noted to be tender. 
X-ray examination revealed a greenstick type injury of the 
tibia just beneath the proximal epiphyseal line (Fig. 16). 
There was no significant displacement or disalinement of 
the fragments and a plaster cast was applied. Due to the 
mother’s illness the child was not brought back for further 
care. After 6 weeks the cast fell off spontaneously. “Sores” 
and “big blisters” were seen on the leg and foot, and after 
many months of household remedies healing took place and 
normal use of the part was obtained. He became a very 
active child, indulging in violent games and sustaining 
many mild injuries. In August, 1937, he was treated for a 
limited injury at the lower end of the left radius. 


On November 24, 1939, while playing football, he fell 
striking a rise in the ground and again injured the right 
knee area. X-ray studies showed fracture lines at the 
proximal end of the tibial diaphysis in otherwise ap- 
parently normal bone structure. Healing took place in a 
satisfactory manner with no resultant deformity or dis- 
ability. 

At an interview on November 30, 1940, he was observed 
to be a well developed and nourished boy, weighing 29 
kilograms and with a height of 132 centimeters. His 
mother stated, however, that he had been less well nour- 
ished in the past and was a “fussy” eater, usually going 
without breakfasts and eating very little meat. The only 
other history of fracture in the family was in one brother 
who had sustained two fractures of the forearm. The 
patient’s sclerae appeared normal and there was no deaf- 
ness or hyperextensibility at the joints. 

CasE 15. A. G., 18 years of age, a private patient of 
Dr. J. O. Kopel. In April, 1937, while playing baseball, he 
turned his foot on first base. He was able to walk for 2 to 3 
days but with much pain and on April 5, 1937, x-ray studies 
(Fig. 18) were made, revealing a fracture at the base of the 
fifth metatarsal bone. A plaster cast was applied for 3 
weeks, and subsequently he was able to walk without 
disability. 

In September, 1937, on jumping over a wire he felt 
something snap in the left foot. X-ray studies showed a 
new fracture in the fifth metatarsal bone and a cast was 
applied for 4 weeks. There was satisfactory recovery and 
he was able to walk without pain or other disability. 

One night in February, 1938, he injured his left foot for 
the third time when he tripped over a wire in the dark. 
X-rays again showed the appearance of a new fracture and 
a cast was applied for 4 weeks. Recovery was satisfactory 
as before. 

When interviewed in September, 1940, he was having no 
pain or difficulty in walking and roentgenograms revealed 
complete healing of the old fractures. He was observed to 
be a large, obese boy weighing 104 kilograms with a height 
of 185 centimeters. There was no deafness and the sclerae 
were white but there was somewhat more than the usual 
mobility at the joints. He was not aware of having sus- 
tained any other fractures than those described in the left 
fifth metatarsal bone. 

Case 16. R. G., C. H. D 6150. This boy, born on June 
15, 1934, fell 3 or 4 feet to the ground from a porch on 
September 19, 1939, and sustained an injury to the right 
lower forearm. A diagnosis of fracture was made by the 
family physician without an x-ray examination and splints 
were applied for 4 weeks. A good result was obtained with 
no further trouble until July 12, 1940, when he fell on his 
outstretched arm and hand while playing on a tree stump 
and again injured the right forearm. Pain persisted and a 
small area of ecchymosis appeared. An x-ray examination 
(Fig. 19) at the Children’s Hospital 2 weeks after the in- 
jury revealed evidence of the old completely healed frac- 
ture at the lower end of the radial diaphysis and a more 
recent fracture of the radial shaft near the junction of the 
proximal and middle thirds. A plaster dressing was ap- 
plied and retained for about 3 weeks, and the normal use 
of the arm was regained. 

CasE 17. R.G.,C. H. 70540. \ colored boy born of syphil- 
itic parents on June 24, 1929, was seen in the Children’s Hos- 
pital on many occasions for minor complaints. On June 
10, 1940, he fell on his right hand and a greenstick fracture 
at the lower end of the radius, 2 centimeters proximal to 
the lower epiphyseal line, was demonstrated by x-ray. 
There was slight buckling of the cortex posteriorly but 
there was no important displacement or disalinement. 
Treatment consisted in immobilization in plaster for a 
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number of weeks and a satisfactory result was obtained. 
On September 5, 1940, he fell on his outstretched hands 
while riding a bicycle and felt a sharp pain in the right 
forearm. X-ray studies showed complete healing at the 
old fracture site with new fractures in the shafts of the 
radius and ulna near the junction of their middle and distal 


thirds. 


After unsuccessful attempts to reduce the de- 


formity by manipulation, an open operation was carried 
out with a satisfactory approximation of the fragments and 
a good final result. 


nu 
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Fig. 4. 


Fig. 5. The needle emerging from the 
bowel. It is grasped with a clamp and the 
traction suture is pulled out of the eye of the 
needle. 














Fig. 4. The mechanism by which the 
needle is forced through the wall of the 
ureter and through the submucosa and 
mucosa of the bowel into the lumen of 
the rectosigmoid. This is accomplished 
by pulling up on the two temporary trac- 
tion sutures placed on either side of the 
embedded ureter, pressing down with a 
clamp over the point of the needle and, 
with traction on the braided silk suture 
in the eye of the needle, the point of the 
needle is forced through the intervening 
tissue into the lumen of the bowel. 


Fig. 5. 


Implantation of Ureters into the Rectosigmoid.—Edgar J. Poth. 
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IMPLANTATION OF URETERS INTO THE RECTOSIGMOID 


WITH A STUDY OF THE 


POSTOPERATIVE COURSE 


EDGAR J. POTH, Ph.D., M.D., Baltimore, Maryland 


URING the past few years, numerous 
attempts have been made to improve 
upon old methods (5) and to devise 
new techniques (1, 3, 4, 6, 9) for the 

implantation of ureters into the rectosigmoid. 
Obviously, it is unphysiological to divert the uri- 
nary stream into the large bowel where the nor- 
mal constituents of the urine will be acted upon 
by the ferments and bacteria of the intestinal 
tract. However, one is forced to form this outlet 
in certain instances of developmental anomalies 
of the bladder, or in cases in which the bladder 
must be removed because of malignancy or other 
disease. 

The most important considerations in such an 
implantation are that the opening of the ureter 
into the bowel be adequate, pliable, and free of 
surrounding fibrosis, and that the ureter lie in the 
wall of the bowel for a distance before opening 
into the lumen of the intestine. Coffey demon- 
strated that this intramural segment acts as a 
check-valve to prevent the retrograde passage of 
material up the ureter when the bowel contracts. 
Since the intestinal contents are liquid after the 
implantation of the ureter and the delivery of 
urine into the intestine, it is particularly impor- 
tant that this valve functions well so as to exclude 
the highly infectious material from the urinary 
tract. The most efficient check valve is ensured 
when healing between ureter and bowel occurs in 
a surgically clean bed, which is accomplished in a 
technique described by the author. The ureter 
has a fibrous tissue covering which is laid directly 
on the fibrous submucosa of the intestine. Infec- 
tion in such an anatomical environment predis- 
poses to excessive development of scar tissue, 
which will result in a stiff intramural tube, and 
will function poorly as a check valve against 
retrograde flow of fluid into the ureter. Further- 
more, during the healing following the first stage, 
there is edema of the tissues involved, and they 
cannot respond to changes of pressure in the 
bowel. During this 10 day period it is important 
that the ureter shall not be open into the lumen 
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of the bowel, if retrograde passage of contami- 
nated material up the ureter is not to occur and 
initiate a serious infection of the upper urinary 
tract. To have a properly functioning valve is 
considered of sufficient importance to justify an 
additional operative procedure when possible. 
The operation of implantation of the ureter is 
divided into two stages; in the first stage the 
ureter is embedded in the wall of the bowel 
without interruption or diversion of the urinary 
stream, and in the second stage the opening is 
made between the ureter and the bowel with 
diversion of the urinary stream into the intestine. 

This unphysiological formation of a cloaca gives 
rise to a number of abnormalities, especially in 
the dog. Since this animal stands on all fours, his 
large bowel is in a practically horizontal position, 
and this position, coupled with the fact that in 





Fig. 1. First stage. Illustrates incision of rectosigmoid 
down to submucosa with the preservation of the blood 
vessels, and shows the right ureter exposed and developed 
for implantation into the bed in the bowel. 
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Fig. 2. 


First stage. a, Method by which the ureter is embedded into wall 


of bowel by means of a continuous Lembert or Cushing suture of No. o chromic 
catgut. Submucosa is left showing at both ends to avoid compression of the 
ureter. 6, Manner in which cut edge of peritoneum is sutured over the im- 
planted ureter. This obviates kinking of the ureter as it goes from its usual ret- 
roperitoneal location to its new bed in the wall of the rectosigmoid. Two 
weeks are allowed for healing before the second stage of the operation is under- 
taken. Silk should not be used to close the intestinal bed because it frequently 
cuts through the underlying ureter, even though interrupted sutures are 


employed. 


the dog the large bowel has no well developed 
valves or folds but is rather a straight tube, 
allows the fluid material resulting from the admix- 
ture with urine to flow upward to the ileocecal 
valve or even higher and gives rise to much 
reabsorption. This reabsorbed material appears 
to be rather toxic and results in a secondary 
anemia. 


OPERATIVE PROCEDURES 


In the course of this and previous studies nu- 
merous operative techniques have been used. 
When the single stage procedure is used in which 
the ureter is embedded in the wall of the bowel 
and the opening between ureter and bowel is 
made as advocated by Coffey, Mayo, and Hin- 
man (6), the survival rate is 5 to 10 per cent if 
both ureters are embedded at the same time. 
Death results from leakage, infection of the oper- 
ative bed, and peritonitis. In my hands, with the 


technique advocated by Higgins, there was a 
mortality of approximately 25 per cent in the 
first stage from leakage and infection. The mor- 
tality in the two stage procedure previously de- 
scribed by the author and the modification here 
presented was less than 5 per cent in the experi- 
mental animal. These deaths were not due to 
leakage, infection, or peritonitis, but were due to 
the small size of the structures, resulting in techni- 
cal difficulties and tearing of the ureter. Although 
the technique originally described by the author 
is entirely satisfactory for the experimental ani- 
mal, it cannot always be applied to the human 
being, because the pressures of large tumors in 
the bladder or elsewhere pressing on the bowel 
may make it impossible to pass the proctoscope in 
the second stage. Although this technique is pre- 
ferred whenever it is applicable, a second method 
has been developed for those cases in which the 
proctoscope cannot be inserted. The first stage is 
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Fig. 3. Second stage. Two weeks have elapsed between first and second stages to 


permit aseptic healing of the ureter in 


its intramural location. a, An assembly 


of the cutting device consisting of a heavy darning needle mounted with a length 
of No. 26 B & S gauge nichrome wire and a traction suture of fine braided silk. 
This will serve as the cutting instrument to connect the lumina of ureter and bowel. 
b, The cutting assembly being introduced into the ureter. c, Same as b in cross- 


section. 


essentially unchanged. The second stage is not 
‘in entirely aseptic procedure; however, the most 
important healing of the ureter in its intramural 
ed has already occurred in a clean field. If gross 


soiling should occur at the second stage, the blad- 
der should be removed at a later date. The opera- 
tion of ureteral transplantation on a debilitated 
human being is a considerable undertaking, and 
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Fig. 6. A heavy walled glass tube placed over one limb 
of the cautery to protect the ureter. A high cautery current 
is used in order that cutting will proceed rapidly as the 
instrument is withdrawn. The wire has been placed to cut 
a slit about 1.5 centimeters long connecting the ureter and 
bowel. 


one should be prepared to perform it in multiple 
stages and not to do too much at one time. The 
technical procedure can be readily followed in the 
illustrations. 


THE UNPHYSIOLOGICAL STATE 


Again it must be said that the dog is a poor 
experimental subject for ureterointestinal anas- 
tomosis. He walks on all fours, there are no 
valves in the large bowel, and he has a strong anal 
sphincter and a heavy, well developed bowel 
musculature. The heavy bowel musculature 


causes a slight dilatation of the ureter above the 
implantation. This dilatation and obstruction is 
not sufficient to be demonstrable by intravenous 








Fig. 7. The incision completed, the distal end of ureter 
is ligated, cut short and inverted into bowel. The opening 
in the bowel is ordinarily closed with a single matress 
suture. The area is covered with peritoneum as indicated. 


urography. This change, moreover, is not due to 
the ureter’s being subjected to the intraintestinal 
pressure, because it develops even though the 
first stage only is done. The anthropological and 
anatomical arrangement of the dog favors exces- 
sive absorption of the urinary constituents from 
the bowel following ureterointestinal anastomosis. 
It is likely that some of the substances contained 
in the urine are altered by the bacterial flora and 
the ferments in the bowel before they are reab- 
sorbed. After transplantation of the ureters into 
the rectosigmoid the excrement from the bowel 
has a strong ammoniacal odor. 

Although it has not been proved, it is believed 
that the ammonia liberated by the urease acting 
on the urea of the urine excreted into the bowel is 
absorbed and acts as the toxic substance. A sec- 
ondary anemia develops which does not seem to 
result from the increase in blood urea per se. The 
usual course of blood urea and hemoglobin levels 
are illustrated in Figure 8. Within 2 weeks after 
the first stage of the operation, nonprotein nitro- 
gen blood level and the hemoglobin return to nor- 
mal and would remain unchanged indefinitely. 
Following the second stage, however, when urine 
is being discharged into the bowel, there is a 
moderate and immediate rise in the nonprotein 
nitrogen level of the blood. After this immediate 
change the percentage of nonprotein nitrogen re 
mains essentially constant, except for occasional 
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Fig. 8. This chart illustrates the characteristic course of the nonprotein nitrogen 
(solid dots—mgm. per cent) and hemoglobin levels (circles per cent) as observed in a 
series of 44 animals. Eventually all animals die following a sudden rise in nonprotein 
nitrogen and rapid fall in hemoglobin. Animals frequently survive for 6 to 8 months. 
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Fig. 9. This chart illustrates the characteristic course of 
the nonprotein nitrogen (solid dots) and hemoglobin levels 
(circles) as observed in a series of 20 animals. Half of these 
animals were subjected to the first stage of the operation 
only, and the other half were operated upon twice as indi- 
cated, and their subsequent course is plotted by the dotted 
lines. The sudden increase in nonprotein nitrogen and the 
rapid decrease in hemoglobin occur only when the second 


periodic fluctuations, until the development of a 
rather severe secondary anemia. Following the 
establishment of an opening between the ureter 
and the bowel, the hemoglobin falls progressively 
and at a regular rate until it reaches 4o to 50 per 
cent. Up to this time the animal appears normal. 
There is then a sudden change; the animal refuses 
to eat, the rate of the hemoglobin fall increases, 
and the nonprotein nitrogen rises abruptly. 
Death, frequently accompanied by a Bacillus coli 
septicemia, occurs within a week. Necropsy shows 
the opening between ureter and bowel to be patent 
and soft, and the upper urinary tract is essentially 
normal both grossly and microscopically. Appar- 
ently the fall in hemoglobin is not dependent upon 
the nonprotein nitrogen level of the blood. In a 
group of 20 animals bands of cellophane or silk 
were, at the time of the first operative stage, 





stage of the operation is done and urine is delivered into 
the large bowel. In all of these animals loose bands of cello- 
phane or silk were placed around both ureters at the time 
of the first stage of the operation. These bands caused a 
gradual constriction of the ureters of the dogs. Animals 
have been known to tolerate for long periods of time a high 
nonprotein nitrogen blood level that is caused by simple 
obstruction. 


placed loosely around both ureters proximal to 
the implant. These animals show the usual imme- 
diate elevation of blood urea, with return to nor- 
mal for a period of weeks; and then, with the 
gradual development of fibrosis in the region of 
the bands and constriction of the ureters, the 
nonprotein nitrogen of the blood rises slowly to 
high levels. During this time there is but a slight 
drop in hemoglobin. If on alternate animals, 
however, the second stage of the operation to 
deliver urine into the bowel is performed, the 
courses followed by the two groups are entirely 
different. From the difference in the blood pic- 
tures of the two groups, as illustrated in Figure 9 
it appears that the nonprotein nitrogen blood 
level is not responsible for the anemia, but rather 
that substances are being absorbed from the bowel 
which react to cause this and other changes. 
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Whether this intoxication is due to the absorption 
of ammonia from the bowel for resynthesis into 
urea by the liver, which in turn is re-excreted by 
the kidney to establish a vicious cycle, has not 
been proved but is postulated as a possible, 
reasonable explanation of the anemia and the 
death of the animals. 


EVALUATION 


The marked rise in blood urea following the 
bilateral embedding of ureters in the first stage 
demonstrates conclusively that both ureters 
should not be embedded simultaneously in a 
debilitated person with a high initial blood urea. 
If preoperative intravenous urography shows the 
ureters to be greatly dilated, it must be appre- 
ciated that these enlarged structures cannot be 
successfully buried in the wall of the bowel. 
Under these circumstances it is well to consider 
nephrostomy as recommended by Cabot and to 
allow sufficient time for the ureters to decrease in 
size and for the kidney function to improve. 
Nephrostomy followed by the simultaneous em- 
bedding of both ureters is a simpler, safer, and 
more satisfactory procedure than dealing with the 
ureters singly. The use of ureteral catheters 
during this period has been suggested, but this 
may be impossible mechanically, and catheters 
are poorly tolerated in the presence of the infec- 
tion frequently found in urinary stasis. 

In view of the rise of blood urea and the fall of 
hemoglobin and their apparent association with 
the reabsorption of toxic products following the 
delivery of urine into the rectosigmoid, it is sug- 
gested that the patient be placed in the semi- 
Fowler position as soon as practical after opera- 
tion, that a small rectal tube be inserted just 


beyond the sphincter ani, and that he be encour- 
aged to evacuate the bowel frequently. Jewett 
incised the anal sphincter of dogs to facilitate 
emptying the bowel. 

Frequent hemoglobin determinations should be 
done. While in bed, the patient should assume 
the semi-Fowler position and be awakened once 
at night to empty the bowel. Mild catharsis may 
be indicated. 

It cannot be repeated too frequently that the 
healing following embedding of the ureter in the 
wall of the bowel should occur in the absence of 
infection in order to ensure a patent orifice and a 
soft, readily compressed intramural bed for the 
ureter. 

SUMMARY 

1. An alternative procedure is presented for the 
second stage of the operation for ureterointestinal 
anastamosis. 

2. The unphysiological state created by the 
formation of an abnormal cloaca is discussed. 

3. A secondary anemia following ureterointes- 
tinal anastamosis is reported. 

4. The cause of late death of the experimental 
animals is considered. 
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INTERNAL WIRE FIXATION FOR FRACTURES OF JAW 


Preliminary Report 


JAMES BARRETT BROWN, M.D., F.A.C.S., and FRANK McDOWELL, M.D., 


St. Louis, Missouri 


N some fractures of the lower jaw, in which 

interdental wiring cannot be done, a wire— 

of the Kirschner type—drilled across the 

fracture line may be an easy and satisfactory 
method of treatment. 

The indication for this internal fixation may be 
present when the opportune early time for inter- 
dental fixation has passed and the fragments have 
become displaced, with compounding into the 
mouth, infection, and local sloughing. It also may 


From the Department of Surgery, Washington University 
School of Medicine. 


be considered in edentulous jaws; when there is 
much comminution and accompanying injury, asin 
gunshot and war injuries; when many teeth have 
been loosened or broken; in displaced symphysis 
fractures; and in fractures at the angle in which the 
posterior fragment is pulled out and up into the 
upper buccal fornix by the closing muscles (Fig. 
3). This last deformity is one of the worst to con- 
tend with, and, if left uncorrected, may result in 
non-union of the fragments. It may also prove to 
be of value in certain separations of the upper 
jaw. 





Fig. 1. Bad comminution at symphysis with only small 
oints of bone in contact, left condyle and many teeth 
broken. Fixation at symphysis with one internal wire and a 


second plane of fixation obtained with an anterior wire 
arch. Jaws wired together because of the condyle fracture 
opened after 4 weeks with internal wire still in place. 
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The internal wire will insure fixation in one 
plane, —that is, the fragments cannot slip up or 
down past each other. However, they might 
rotate, in or out, or they might pull apart and, 
therefore, the addition of an anterior wire dental 
arch will give a second plane of fixation that will 
prevent rotation and will jam the fragments in 
impaction so that separation will not occur. If 
there is a condyle fracture to deal with also, or if 
normal occlusion cannot be maintained, then 
there can be the further addition of interdental 
fixation to the upper jaw. 

Multiple internal wires can be used for multiple 
fractures, or to give the second plane of fixation 
if desirable. 

Avoidance of the nerve canal is advisable even 
though the nerve may have been cut in two by 
displacement of the fragments. The same is true 
of any good teeth and this can usually be done by 
staying below the canal. When a second wire is 
placed above the lower one, there is more chance 
of damage of the nerve and teeth. 

An electric power drill is practically necessary, 
as the hand drill may not give enough speed for 
easy penetration of the bone. Regular Kirschner 
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Fig. 2. Comminuted fracture near symphysis, seen after 
11 days, with unsuccessful interdental wiring, infection, 
and local sloughing. Both condyles also were broken, and 
many teeth were loosened. Fixation at symphysis with 2 
internal wires. Anterior dental wire arch and wiring to 
upper jaw, added because of condyle fractures. 


wires may be used, but stainless steel wires, 
recommended by Dr. C. H. Crego in leg length- 
ening, are cheaper and can be obtained in suitable 
lengths of thickness from .o5 inch to .08 inch, a 
three-sided point being put on them.! Bicycle 
and velocipede spokes also have been used by 
Dr. Crego. 

A further modification is to cut threads all the 
way along an .o8-inch wire with a 2-56 die, which 
is a bicycle spoke threader, and, after it has been 
drilled into position, screw regular bicycle spoke 
nipples or small nuts down against the bone to 
hold the fragments together. This threaded wire 
itself may give sufficient tightness without the 
nipples to prevent separation and is applicable in 
edentulous patients or any time the dental arch 
cannot be used (Fig. 4).? 


OPERATION 


Local or deep block anesthesia is usually em- 
ployed. The fragments are alined with the hands, 


This wire is 18-8 stainless steel. The smallest size to give the neces- 
sary stiffness is preferable. 

2It has been [suggested by Dr. J. A. Brown that the threaded wires 
might be omitted and where fixation against the bone is desired, a hol 
low cylinder could be slipped over an unthreaded wire down against the 
bone and held with a set screw put in the end of it. 
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Fig. 3. Fracture at angle with elevation of posterior 
fragment and loss of mandibular nerve sensation. Fixation 
with single internal wire put in from behind and below the 
nerve canal. Avoidance of open reduction or elastic trac- 
tion reduction of posterior fragment. Interdental wiring 
was done because of second fracture in body. At right, 
mouth open, with wire in place. 


or an open reduction may be necessary, an ele- 
vator being used between the fragments. It is 
important that reduction be accurate, as only 
slight adjustment is possible after the wire is in. 
A puncture incision is made to get the wire in 
against the bone, and the wire and drill are lined 
up accurately. Then, perhaps most important of 
all, the fragments have to be held in accurate 
position with the hands while the wire is drilled 
into place. (Little mention need be made of the 
necessity of care with the drill and wire, and for 
avoidance of injury to the hands that are holding 
the fragments.) The wire usually is drilled on 
through the bone and a small opening is made to 
let it through the skin on other side. Secondary 
internal wires may be needed occasionally (Fig. 2). 
The anterior arch wire is applied by putting 
No. 26 stainless steel wires on posterior teeth on 
each side, twisting the strands tightly for 2 inches, 
then twisting them together in midline and hold- 
ing them with individual No. 28 wires around 
separate teeth. Any other type of arch appliance 
may be used, but this one requires no added 
equipment and is usually satisfactory. 


This is the wire that should suffice for the sec- 
ond and final plane of fixation and should impact 
the fragments together over the internal wire 
(Figs. 1, 2, and 4). 

Interdental fixation is done as mentioned, if 
there is some final adjustment of occlusion to be 
secured orif the condyles also have been fractured. 
The jaws may be fastened directly together or by 
any effective method of elastic traction. 

In edentulous jaws, when dental plates wired or 
bandaged in place with the mouth closed will not 
suffice, a single internal wire or a threaded one as 
shown in Figure 4 may be effective as the jaws are 
usually small from atrophy anyway. This plan 
for edentulous jaws seems much less trouble for 
the patient and surgeon than attempting any 
rigid fixation within the mouth with screws down 
into the bone and nerve canal. 

Sulfanilamide is used locally in all open wounds 
and right in the fracture line if it has been sepa- 
rated widely enough to admit the powder. Wounds 
of the mouth, jaw, and neck, with their marked 
tendency to infection, make a field of great im- 
portance for the use of this drug. 
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Fig. 4. 18-8 stainless steel wire .o8-inch threaded with a 
2-56 die-cutter which is a bicycle spoke-threader and with 


regular bicycle spoke nipples screwed on. (Equipment, 
courtesy Dr. Crego). In the patient shown the fracture is 


Pressure dressings, of soft cotton mechanic’s 
waste, are applied to give support to the soft 
tissues and prevent, as far as possible, hematomas, 
hemorrhage, and swelling, and also to lend further 
support to the bone fragments. 

The jaw seems solid immediately and the pa- 
tient experiences the usual comfort of a set frac- 
ture. The ends of the wire are covered and the 
patients do not object much to discomfort. In 
some instances, the wires may be cut short 
enough to be covered by the skin, but it is prob- 
able that they all should be removed finally. Just 
one or two days are required in the hospital, and 
some patients can open the jaws and take soft 
foods almost immediately. 

The removal of the wires can be done easily after 
3 to 5 weeks, depending upon the progress. There 
may be some irritation around the wires but no 
serious osteomyelitis should develop. 


held with an internal threaded wire and one nipple. The 
mouth could be opened easily after the operation, and soft 
food was taken. Anterior arch was put on to hold a sep- 
arate loose fragment. 


This plan was thought to be new, but articles on 
the subject were found by Ipsen and Sobye in 
Denmark and Meade in Ireland, and these men 
seem to have been the only ones to have reported 
it. 

In the voluminous literature from the last war 
and since then, there has been a multiplicity of 
dental splints, often with emphasis on some con- 
trivance of little fundamental bearing. If this 
simple direct method of internal wire fixation by 
drilling a wire across the fragments will help avoid 
the use of complicated dental splints, overhead 
plaster-cap traction for elevated posterior frag- 
ments, and wide open reductions, it will be 
worthwhile. 
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REACTION OF BONE TO METALS 


II. Lack of Correlation with Electrical Potentials 


R. T. BOTHE, M.S., M.D., and H. A. DAVENPORT, M.D., Chicago, Illinois 


XPERIMENTS in which as many as four 
different kinds of metals or alloys were 
implanted into the femurs of cats were re- 
ported in an earlier paper (Bothe, Beaton 

and Davenport, 1940). Differences in electrical 
potentials between a number of the implants were 
taken in vivo after a postoperative survival period 
of about 7 months and the reaction of the bone to 
the various metals was studied. The correlation 
between electrical potentials and bone reaction 
was not good, and in view of the emphasis that 
has been given to electrolysis, it was decided to 
make another series of implantation experiments 
to test the effect of electromotive force more 
accurately. 

Some of the more pertinent references to experi- 
mental and clinical experiences with bone reac- 
tions to metals were cited in the preceding paper, 
and two more which deal with electrical phenom- 
ena can be mentioned here. 

Berti-Riboli (1938) measured potentials between 
bone and metals at three different time intervals 
after applying plates to the long bones of rabbits 
and dogs. The method of making the measure- 
ment of the electromotive force between the bone 
and the plate is not made clear, but the difference 
of potential was found to diminish with time. 
Copper, aluminum, stainless steel (3 kinds), dura- 
luminum and 20 carat gold were used, and there 
was a difference in the rate of diminution of poten- 
tial for each metal. A hypothesis was proposed 
that the rate of diminution was directly propor- 
tional to the toxicity of the metal. 

Hudack (1940) reported on the use of high 
chromium, low nickel stainless steel, and empha- 
sized the necessity of polishing and of treating 
alloys with nitric acid to minimize the presence of 
foci for electrolytic corrosion. 

It has seemed to us that too much emphasis 
has been placed on electrical effects and too little 
on the more general properties of the solubility of 
metals in body fluids and the reaction of tissues 
to the dissolution products. In order to test the 
influence of differences in electrical potential in 
contrast with characteristic properties of indi- 
vidual metals, we have implanted two instead of 


From the Department of Anatomy, Contribution No. 346, and 
the Division of Surgery, Northwestern University Medical School. 


four metals into each bone and have attempted 
to correlate reactions with electromotive force 
differences. 

Experimental. One male and 16 female cats were 
used. Two implants, usually of different metals 
were made into each femur. The technique of 
making the implantation was the same as that 
used in the previous experiments. All 17 animals 
survived the experimental period, and were sacri- 
ficed at intervals between 186 and 329 days. Elec- 
trical potentials between the two implants, and 
also the potential from a copper electrode in the 
adjacent muscle to each implant, were measured 
while the animal was under anesthesia just prior 
to sacrifice. A few of the implants had become 
buried in the bone and potentials on them were 
not secured, and one had sloughed into adjacent 
soft tissue. 

In arranging the pairs of metals, the object was 
to secure: (1) pairs with rather large potential 
differences, (2) pairs with medium potential dif- 
ferences, and (3) pairs with little or no potential 
differences. The results are listed in Table 1. A 
critical examination of the potential differences 
shows that they are not reproducible from animal 
to animal with the degree of accuracy that might 
be desired, but that the order of magnitude per- 
mits them to be grouped into low, medium, and 
high. The potentials have been correlated with 
the amount of bone reaction, and a recapitulation 
of the findings made in Table II. 


RESULTS 


It is seen in Table II that 7 of the metals or 
alloys reacted in the direction of their electrical 
differences while 10 did not. This is interpreted 
to mean that there is no direct correlation between 
a condition which predisposes to electrolysis and 
one which does not. Reactions occurred in the 
regions immediately surrounding the offending 
metal. However, had metallic ions been carried 
from one metal to the other as a result of electrical 
effects, we would expect to see reactions about 
both implants. In only one femur (cat 4, Fig. 2) 
which received titanium and copper, was the re- 
action so extensive that it spread far enough to 
make uncertain which one of the pair was the 
offending metal. Comparing this femur with the 
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Ti, Cu Ti, Ag Vit, Ag Vit, Cu 
7 H d k F 
Animal 6. Animal 7. Animal 8. 
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Vit, Mn Mn, Mn Vit, Ti Ti, Ti Ti, Ca Mn, St S 


left one, makes it evident that copper and not 
titanium is toxic, since titanium was not reactive 
when paired with silver, or when used alone (cats 
1 and 7). In the left femur of cat 5, the difference 
in potential between copper and vitallium was 
zero, yet a vigorous reaction occurred. From other 
potential measurements it can be deduced that 
the difference between copper and titanium is not 


over 20 millivolts and would not be enough to ac- 
count for the extensive reaction of the right femur 
of cat 4. 

Another example of an unfavorable reaction 
with low potentials is seen in the case of nickel 
implants of cat 13, Figure 5. The potential dif- 
ference between nickel and chromium on the 
right side was 20 millivolts, whereas on the left 
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Fig. 4. 





Animal 9. 


Rt. Lt. Rt. 
Ti, Mn Ag, Mn Vit, Mn 


Animal 12. 


Rt. Lt. Rt. 
Mo, Al Mo, Mn-Ti Ni, Cr 





Fig. 6. 





Animal 15. 


Rt. Lt Rt 


Cr-Mn, W Ti, Bet Mo, Bet 
Figs. 1 to 6. Roentgenographic positive prints of cat 
femurs cleaned and photographed after a postoperative 
survival period of 186 to 329 days. Side and end views of 


*This implant had sloughed out of the bone and was encapsulated in 
the adjacent soft tissue. 


between nickel and cobalt it was 130. The reac- 
tion is essentially the same on both sides and is 
characterized by a marked erosion without corti- 
cal proliferation. Chromium has remained inert 
on the right while cobalt has caused some erosion 
on the left. 





Animal ro. 


Animal 13. 


Animal 16. 
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Animal rr. 


Lt. Rt. 


Lt. 
St S, Mn Ti, Mg Pb, Mn* 





Animal 14. 


Lt. Rt. Lt. 
: W, Fe-Ti W, Co 





Animal 17. 
Lt. Rt. Lt. 
Mo, Al Cr, Cr-Mn  Fe-Ti, Mn-Ti 


the metallic implants are shown in the right and left femur. 
The proximal end of the bones is at the top of the figures, 
and the metals used are listed from proximal to distal. 


_ tBeryllium (atomic weight 9.02) is more transparent to x-rays than 
is bone. Both of these implants are in situ. 


An example of moderate potential difference be- 
tween lead and titanium with little reaction is seen 
in the right femur of cat 12 with an electromotive 
force of 260 millivolts. There is evidence of only 
a slight cortical reaction with bone grown over 
about half of the exposed surface of the lead im- 
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TABLE I.—DATA ON REACTIONS OF FEMURS OF 
CATS TO PAIRS OF METALLIC IMPLANTS 
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TABLE I.—DATA ON REACTIONS OF FEMURS OF 
CATS TO PAIRS OF METALLIC IMPLANTS— 

















































































































very low potential with copper. Reactions were classified 


. = a ee = Continued 
Cat no. Ss » meee | ——— - -- 
and | > 
post- | Sideand | E.M.F. ; — | 
opera- _ metals | between Type of reaction post- Gide aual M.F. 
=| | implanted | metals (mv.) | opera- metals etc Type of reaction 
tee | tive implanted | metals (mv.) 

(days) period } 

Rt. Ti only | Slight cortical thickening (days) = 

I 220\— —_— —_————— . . | | * 

c. Fi, Be 7° | Slight cortical thickening | Rt. Cr, C aay 400-- ope ag med- 

————————— pean yes a es 17 22 —— eens 
eo Rt. Pb, Ti 260 | Cortical thickening —— Lt. Fe-Ti Not taken | Mn-Ti has caused a vigorous re- 
= oF Lt. Au-Pt, Ti a | ‘Slight surface crosion about the Mn-Ti action and is buried in callus 

| | Au-Pt alloy” 

_— | Ere ean *Estimated from other determinations on similar couples. 

Rt. St S, Cd 400 | Medullary rare efaction about 
Cd; St S, none 
203|-— Ag, StS 190 _ Slight increase of medullary Plant. On the left side of the same cat the differ- 
peer ni | _density, Ag Ss eence between titanium and a gold-platinum alloy 
Rt. Ti, Cu Ti covered, Abundant callus with local ero- Was zero and there is practically no bone reaction, 
2 2SS s & . . -. e 

4 217 BB case jon about Cus but the alloy pin remained loose as if the bone 
- Lt Ti, Ag | Nottaken | Some callus about Ag were avoiding it. This is in contrast with the 

Rt. Vit, Ag 70 Increased density, Ag growing into contact with the lead. 
5 Te Vi. Co . Cuties sak eae eee ip Another instructive example of the lack of di- 

“Tie | Tae [ened inaie rect correlation between potential and reaction 
6 210|-—__—__—|_ medullary ey comes from the comparison of the reactions of 

ie. 3 N | 2 1 , y > 4 is an Pa . . 

SO Si I I sections manganese and cadmium. When either of these 
+ wee ° Slight cortical thickening was implanted adjacent to a nonreactive pin of 
© | Lt. Ti, Ti ° | Slight cortical thickening vitallium, stainless steel, or titanium, a high po- 

RUTi,cd | 4oot Stadhaiieey senclestion, CA tential difference resulted. Couples containing 
8 196 = ¢ aAV y ¢ = 
Lt. Mn, St S | Mnis covered | Callus and slight local erosion manganese gave vigorous reactions but those con 
| 400 or more* about Mn 
| Rt. Ti, Mn Mnis covered Callies, avd tncvensed medullary TABLE II.—POTENTIALS AND TYPES OF 
a on 2 ¢........;.. REACTION OF BONE TO METALS 
Lt. Ag, Mn | 400-+ Ag; erosion predominates 
} Mn; proliferation predominates P ‘al R i 
ee ee — otentials eactions 
Rt. Vit, Mn _4004 ; 
te 3990 —- Marked proliferation about Mn ‘ ‘ 
‘Lt. StS,Mn| 400+ se | me. | “OOmY- | Marked | Moderate | Slight 
Rt. Ti, Mg | 400-+- | Mg; not all absorbed, slight in- a ae See } 
crease in density Al | Ag Cu (Erosion) Ag | Al 
II 203 ee ee amin a ati - 
Lt. Pb, Mn | Mnsloughed | Phis partly covered Be Co Ni Co Cd Be 
| out of bone = Siedls Sami ld ane” ie a penis anneal 
—= nance Cd Cr Pt Ni Mg Cr 
Rt. Mo, Al | 400-+- Cortical thickening about both — - SS keen! enn ieee nem tter 
12 196 -_ Mg Mo sts (Prolif- Mo 
Lt. Mo, Not taken Mo is covered by callus pro- —_—_—_— — ——-| eration) ——— 
Mn-Ti | voked by Mn-Ti alloy Mn Pb ri Pb 
| Rt. Ni, Cr 20 Ni; marked erosion without cor- Vit Cu Pt 
tical proliferation — — — - _ sienna a eee 
en ee, en = W Mn Sts 
Lt. Ni, Co 130 Nishows some medullary thick- —— _ —$———“———“-—1— 
ening; Co, rarefaction with Ti 
cortical thinning iene mania en meee — 
mes — it 
Rt. W, Fe-Ti | 70 | W, negative. Fe-Ti cortical —————_ |__|, |—_ — | ————— 
thickening W 
4 10 Lt. W. Co ‘a 70 Co shows local rarefaction with Correlation of potentials and reactions: High potential and marked 
Smee re thickening several mm. distant reaction, Mn; medium potential and moderate reaction, Ag; low poten- 
| ininnsd tial and slight reaction, Pt, St S, Ti, Vit, W; not correlating with the 
| Rt.Cr-Mn,W| 400+ Cr-Mn, slight cortical change Schema above, Al, Be, Cd, Co, Cr, Cu, Mg, Mo, Ni, and Pb. 

15 | 217|;————_ ee a= r : : 

"| Lt. Ti, Be | “80 | Practically no reaction A copper electrode in adjacent muscle was used arbi- 
| ——|— - ane trarily as a zero point of reference because most of the 

6 | Rt. Mo, Be eer Slight cortical thickening couples in the bone contained one implant which gave a 


224|— 
| Lt. Mo, Al Slight cortical thickening 
| | 





according to gross appearance and x-ray photographs. 
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taining cadmium gave very mild ones (cats 3, 6, 
8, 9, and 10), and the reactions are centered 
around the reactive metal and not around the pair 
forming the electrolytic couple. Beryllium couples 
with high potentials (cats 15 and 16) show even 
less reaction than those containing cadmium. 

In one instance (cat 6) manganese implants be- 
came completely intramedullary, and the cortex 
healed over them. The titanium pin on the right 
side remained in place. One may imagine that the 
formation of insoluble manganese soaps from fat 
in marrow cavity on surface of the pins tended to 
inactivate them and permitted healing of cortex. 

The activity of manganese was greatly reduced 
when alloyed with chromium (manganese, 70; 
chromium, 30 parts) but the potential between the 
alloy and a copper electrode in adjacent muscle 
was similar to the unalloyed manganese. A man- 
ganese-titanium alloy (manganese 65, titanium 35 
parts), on the other hand, reacted similarly to 
unalloyed manganese. This illustrates the well 
known property of chromium to suppress corro- 
sion of metals with which it is alloyed. 

The present study together with the observa- 
tions made on the preceding series, throws some 
light on the behavior of bone toward metals as de- 
termined by their solubility. Evaluation of every 
metal individually is necessary; for example, mag- 
nesium is very soluble but not particularly toxic, 
while copper is much less soluble but highly toxic. 
Chromium would be very toxic if it were soluble, 
since chromium salts are very toxic to all living 
tissues, but the metal caused no reaction. Beryl- 
lium caused little reaction presumably by reason 
of its insolubility, but beryllium salts are known 
to cause bone lesions similar to rickets when taken 
by mouth. Lead shows no toxicity as judged by 
the tendency of the cortex to cover it, yet lead 
salts are toxic. 

Tantalum was not used in this series, but the 
report of Burke indicates that this metal is quite 
inert in both bone and soft tissues and has ideal 
physical properties. The fact that tungsten was 
inert in our experiments and that it is closely re- 
lated to tantalum in the atomic series of the ele- 
ments is of some academic interest. 


PRACTICAL CONSIDERATIONS 


The possibility of using powdered, sterilized me- 
tallic manganese to stimulate callus formation in 
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nonunion of fractures is suggested by the way 
bone reacts to this metal. It appears to be largely 
inactivated in the medullary fat, as shown by the 
femurs in which it became intramedullary and 
the cortex healed over it with scarcely a trace%of 
the original holes. The powdered or finely granu- 
lated metal might be sprinkled on the exposed 
nonunited ends of a bone during an open opera- 
tion, or it is conceivable that it could be injected 
without an operation in a suspension of an ab- 
sorbable medium. 

Differences of electrical potentials in themselves 
do not cause unfavorable bone reaction, hence it 
seems reasonable to conclude that any alloy which 
might be made of metals with which bone reacted 
favorably individually, would be tolerated well 
as an alloy. This postulate should be of value to 
the metallurgist interested in the manufacture of 
prosthetic materials. 


SUMMARY AND CONCLUSIONS 


Two implants of dissimilar metals were paired 
in such a way that varying degrees of electrical 
potential were obtained, and allowed to remain 6 
to 11 months in femurs of cats. Bone reactions 
were not closely correlated with the magnitude of 
potential differences, but remained characteristic 
for a given metal or alloy. Electrolysis is not the 
primary cause of unfavorable bone reactions. The 
primary causes are determined by physical and 
chemical properties of the metal itself. Solubility 
and the degree of toxicity of the dissolution prod- 
ucts appear to be the chief factors. If electrical 
potentials play no part in inciting reaction it seems 
safe to assume that the unfavorable reactions seen 
in alloys are due to the presence of toxic metals 
(such as nickel, copper, or manganese) in them. 
Alloys which consist of nontoxic metals should 
be nontoxic regardless of potential differences of 
their components. Theoretically, vitallium comes 
nearer to meeting this requirement than stainless 
steel, but tantalum may prove to be the metal 
of choice when sufficient data on it have been 
accumulated. 
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THE MANAGEMENT OF ACUTE EMBOLIC OCCLUSION 
OF THE ARTERIES TO THE EXTREMITIES 


LAWRENCE N. ATLAS, M.D., Cleveland, Ohio 


HEN an artery in an extremity 

becomes acutely obstructed by an 

embolus, a two-fold therapeutic 

problem presents itself. The first is 
in the nature of an emergency. It is the necessity 
of immediately restoring sufficient circulation to 
preserve the viability of the limb. The second is 
predicated on the successful accomplishment of 
the first. It is to promote therapeutically the 
growth of a collateral circulation so that the func- 
tional capacity of the limb as well as its viability 
will be preserved. Both are accomplished by in- 
creasing the volume rate of blood flow through the 
available collateral circulation. 

For practical therapeutic purposes, any method 
designed to augment the quantity of blood flowing 
through a collateral arterial network must exert 
its effect by diminishing the peripheral resistance 
to blood flow through a dilatation of the arteriolar- 
capillary bed into which the collateral vessels 
ultimately empty. Since ischemic tissue is satu- 
rated with vasodilating substances, it should be 
expected that such an increase in the flow of blood 
through collateral channels would automatically 
follow the acute occlusion of a principal artery. 
As a matter of fact, cases of acute embolic oc- 
clusion are not infrequently seen which open 
and develop an effective collateral circulation 
without any therapeutic assistance. Many more 
would respond in a similar manner were it not for 
the fact that when an embolus suddenly occludes 
a peripheral artery, the arterial bed in that ex- 
tremity and sometimes in the opposite extremity 
as well is thrown into a greater or lesser degree of 
spasm. I have seen instances in which a minute 
embolus lodged in the periphery of a leg has given 
rise to bilateral vasospasm of such magnitude that 
an organic occlusion of the bifurcation of the ab- 
dominal aorta was simulated. A case in point 
follows: 


V. K.,a white female aged 37 years, came under observa- 
tion December 1, 1940. For years she had suffered from 
rheumatic carditis, and at the time was being treated for 
auricular fibrillation with failure. One hour before, she had 
been seized with an acute severe pain in her left leg and foot 
accompanied by sensations of coldness and numbness. 

From The Peripheral Vascular Clinics, Cleveland City and 
Mount Sinai Hospitals; and from The Department of Surgery, 
School of Medicine, Western Reserve University. 


About 30 minutes later, similar symptoms appeared in the 
right foot and leg. 

The patient appeared to be acutely ill and in considerable 
distress. Her pulse was grossly irregular. Both lower ex- 
tremities distal to the knees were very cold to the touch. 
The right foot was markedly cyanotic. Both feet exhibited 
a wax like pallor on elevation. No pulsation was palpable 
in either femoral, popliteal, posterior tibial, or dorsalis 
pedis arteries. The entire picture resembled that of a block 
in the region of the bifurcation of the abdominal aorta. 
However, the possibility of a minor embolus with a major 
degree of reflex vasospasm could not be readily ruled out; 
and, in view of her poor general condition, it was decided to 
employ conservative therapy. Within 72 hours, normal 
arterial pulsation had returned throughout the entire right 
lower extremity; and within 2 weeks, excellent pulsation 
was palpable in the left femoral and popliteal arteries. At 
this time both feet were warm and of normal color. Symp- 
toms had disappeared. Figure 1 presents a series of oscil- 
lometric tracings illustrating this remarkable degree of bi- 
lateral reflex vasospasm resulting from a minor embolic 
occlusion of an artery in the distal portion of a single ex- 
tremity. Patient made an excellent recovery only to expire 
several months later from a cerebral embolus. 


The vasospasm just described has important 
implications concerning treatment. As has been 
demonstrated, an embolus lodged in the distal 
portion of an extremity may reflexly render the 
more proximal and larger arteries pulseless. Un- 
less the possibility of spasm is considered, these 
larger spastic vessels may be surgically explored 
for the purpose of removing what is erroneously 
considered to be the offending embolus. 


I. A., a white female aged 36 years, came under observa- 
tion April 18, 1940. She had suffered from rheumatic 
carditis with fibrillation for many years, but was well con- 
trolled. While convalescing from an elbow operation, she 
suddenly experienced an acute severe pain in her right leg 
and foot accompanied by sensations of coldness and 
numbness. 

The right foot and lower leg were mottled, very cold to 
the touch, and exhibited a wax-like pallor on elevation. 
Excellent pulsation was palpable in the right femoral ar- 
tery; no pulsation was palpable in the popliteal artery or 
its branches. OsciJlometric readings at the level of the 
popliteal space were zero. A diagnosis of an embolic occlu- 
sion of the right popliteal artery was made. Under local 
anesthesia, the popliteal artery was exposed. It was 
markedly constricted, its diameter measuring only ¥% of an 
inch. The constricted vessel exhibited extremely faint pulsa- 
tion and contained no thrombus. No attempt was made to 
explore the artery. The wound was closed and conservative 
therapy was instituted. Within 24 hours, the foot was pink 
and warm and symptoms had subsided. She made an excel- 
lent anatomical and functional recovery, and has remained 
well. 
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Another important bearing on treatment con- 
cerns the use of heat. It has been demonstrated 
(1, 2, 5) that external heat stimulates the meta- 
bolic activity of ischemic tissue and hastens the 
onset of gangrene. Therefore, when the collateral 
circulation in an extremity rendered acutely 
ischemic is so spastic it cannot relax in response 
to the huge concentration of vasodilating sub- 
stances surrounding it, the use of heat as an addi- 
tional dilating stimulus is, under the circum- 
stances, not only illogical but dangerous. 

During the acute stage of an embolic occlusion, 
therapy should concern itself with relaxing spastic 
vessels and preventing their thrombosis. To se- 
cure the desired relaxation, intravenous injections 
of papaverine hydrochloride in % grain doses 
every 4 hours for 48 hours and then 3 times a day 
for a week are almost specific (4). To prevent 
thrombosis of the collateral circulation pending its 
dilatation, and to prevent spreading thrombus 
formation starting at the site of the actual or- 
ganic occlusion, heparin is administered (3, 6, 7, 
8, 9, 10). Since many of these patients are car- 
diacs, heparin can rarely be administered in a 
continuous intravenous infusion of saline as is the 
usual procedure. Instead, it must be given intra- 
venously in 4 hour doses of 50 milligrams each. 
This dosage may have to be adjusted to keep the 
blood clotting time at a minimum level of 15 
minutes. 

The limb is swathed in cotton and protected 
with an unlighted cradle. After spasm has dis- 
appeared, as indicated by an increase in the sur- 
face temperature of the foot, an improvement in 
its color, and subsidence of symptoms, measures 
may be instituted for the purpose of further stim- 
ulating the flow of blood through collateral chan- 
nels. Mild local heat, the rhythmic venous occlu- 
sion machine, and the suction-pressure boot may 
now be safely employed. 

Should the ischemia fail to improve or become 
progressively severe despite the administration of 
papaverin and heparin, an actual organic block 
of a major vessel must be considered and an 
embolectomy with the patient still heparinized 
performed. 

Individuals who have sustained an embolic oc- 
clusion may present themselves for treatment sev- 
eral weeks after the acute vascular accident has oc- 
curred. In such instances, it is often found that a 
periarteritis involving the thrombosed vessel is 
stimulating afferent sympathetic neurones with 
resultant pain or reflex spasm of the collateral 
bed. Resection of the offending thrombosed ar- 
terial segment is indicated. The following cases 
are illustrative. 
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Fig. 1. A series of tracings taken with a recording oscil- 
lometer depicting the remarkable degree of bilateral vaso- 
spasm which may result from an embolic occlusion of an 
artery in the distal portion of a single extremity. Tracing 
taken December 1, 1940, 1 hour following embolic occlusion 
of artery in distal portion of left leg, reveals absence of pul- 
sation in each popliteal space. Tracing taken December 4, 
1940, 72 hours following acute vascular accident, reveals 
excellent pulsation in right popliteal space and slight pulsa- 
tion in left popliteal space. Tracing taken December 15, 
1940, 2 weeks following occlusion, reveals excellent and 
equal pulsation in each popliteal space. Conservative treat- 
ment employed throughout. Note irregularity in magnitude 
and spacing of pulsation due to auricular fibrillation. 


M. B., a white male aged 48 years, came under observa- 
tion March 27, 1939. He had suffered from rheumatic heart 
disease for many years and was subject to bouts of fibrilla- 
tion. About ro days before I saw him, he experienced sud- 
den severe pain in both feet accompanied by sensations of 
coldness and numbness. Since then, he had been incapaci- 
tated by a peculiar type of pain referred to the calves of his 
legs. The pain was present constantly and was worse at 
night. He described the pain as squeezing; as if the calves 
of his legs were caught in a closing vise. The pain was so 
severe that morphine gave only transient relief. He also 
suffered from pain, coldness, and numbness of the feet but 
to a lesser degree. 

Both feet were cold to the touch, somewhat cyanotic, 
and exhibited pallor on elevation. There was no tissue 
necrosis. Excellent pulsation could be felt in each common 
femoral artery down to its bifurcation. No pulsation could 
be detected either manually or with the oscillometer distal 
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Fig. 2, left. Low power magnification of microscopic sec- 
tion of segment of thrombosed superficial femoral artery 
and adherent femoral vein resected 2 weeks after acute em- 
bolic occlusion. Sections show striking changes in femoral 
artery, and complete occlusion of lumen by a thrombus 
mass composed in great part of red blood cells and fibrin. 
The intima in places is thickened and shows degenerative 
changes. The media likewise show degenerative changes. 
The adventitia and regional tissues show moderate to con- 
siderable round cell infiltration and some edema. The veins 
in the section show some thickening of the walls and some 
round cell infiltration and edema of the outer coats and re- 
gional tissues. A small nerve in this section shows some 
edema and round cell infiltration especially perineural. 
Diagnosis: Femoral artery occluded by recent thrombus 


to these points. The calf muscles were relaxed and flabby. 
The symptoms in the feet were interpreted as being of 
ischemic origin; while the pain in the calves suggested stim- 
ulation of intravascular and perivascular sympathetic 
nerve fibres. Accordingly, under local infiltration anesthe- 
sia, the proximal portion of each superficial femoral artery 
was exposed for the purpose of performing an adventitial 
stripping. However, this proved to be impossible because of 
inflammatory adhesions between the thrombosed arteries 
and the adjacent femoral veins. The arteries were opened 
and the thrombi found to be adherent. A 2 inch section of 
each thrombosed artery and adherent vein was excised 
(Fig. 2). The operation gave immediate and complete relief 
of the pain in the calves of his legs. Subsequently, measures 
were instituted to stimulate the growth of a collateral circu- 
lation. He recovered complete use of his extremities and 
has been well since. 

P. D., a white male, aged 22 years, came under observa- 
tion February 12, 1941. About 2 weeks before admission he 
experienced a sudden severe pain in the antecubital space of 
his right arm. The pain rapidly spread up the inner aspect 
of his right arm, and the hand became cold and numb and 
began to ache. The pain, coldness, and numbness in hand 
became increasingly severe, the end of the thumb and fore- 
finger became black, and ability to move the fingers was lost. 


with regional cellulitis. Thickened femoral veins with re- 
gional cellulitis. Perineural cellulitis. 

Fig. 3. Low power magnification of microscopic section of 
thrombosed brachial artery resected 2 weeks after acute 
embolic occlusion. Section shows the wall of the artery to 
be somewhat thickened. Most of the thickening is due toa 
reaction in the serosa. The lumen is filled with blood that 
has undergone considerable autolysis. Intermingled with 
the blood are fibrin strands. There is a moderate amount of 
fibroblastic activity between the clot and the vessel wall. 
The adventitial coat is considerably thickened and there is 
noted fibroblastic activity. There is also present a mod- 
erate amount of regional round cell infiltration. Diagnosis: 
Organizing embolus to brachial artery with subacute peri- 
arteritis. 


Medical consultation revealed the presence of an aortic 
valvulitis with questionable congenital heart disease. X-ray 
was negative for cervical ribs. The right hand was ice cold, 
sweaty, cyanotic, and assumed a wax-like pallor on eleva- 
tion. Cutaneous sensibility was absent, and the patient was 
unable to move his fingers. The distal phalanges of the first 
and second fingers were gangrenous. The radial and ulnar 
arteries were pulseless. Oscillometric readings at the level 
of the right forearm were zero. The entire length of the 
brachial artery from its junction with the axillary down to 
its bifurcation was palpable as a pulseless tender cord-like 
structure. It was felt that this thrombosed vessel was giving 
rise to a reflex spasm of the collateral circulation to the 
hand. Accordingly, under general anesthesia, the entire 
length of the brachial artery was exposed. It was com- 
pletely thrombosed. The artery was opened, and the 
thrombus was found to be adherent. Feeble pulsation was 
present in the terminal portion of the axillary artery. The 
thrombosed brachial artery was severed at its junction with 
the feebly pulsating axillary. Within a minute, the ligated 
stump of the axillary artery dilated and began to pulsate 
vigorously. The entire length of the thrombosed brachial 
artery was excised (Fig. 3). Twenty-eight hours later, the 
patient was able to move his fingers, sensibility had _re- 
turned, the hand was pink and warm, and symptoms had 
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disappeared. About 3 weeks after operation, he suffered a 
right cerebral embolus with complete left hemiplegia. He 
survived this episode and is still living. The hemiplegia has 
remained. Fortunately, adequate function has been re- 
stored to the right hand, thus sparing the boy from total 
incapacitation. 
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GASTROSTOM Y—JEJUNAL INTUBATION 


J. DEWEY BISGARD, M.D., Omaha, Nebraska 


ASTRIC surgery is still attended by 
primary mortality and morbidity which 
is not commensurate with the mag- 
nitude of the operations. Hospital 

mortality rates vary from 10 to 20 per cent as 
shown in recent reports from representative 
clinics. From the evidence which is constantly 
accumulating, it is becoming more and more 
apparent that much of this excessive mortality is 
the result of malnutrition which is present to a 
minor degree in all and to a severe degree in many 
of the patients subjected to gastric operations. 
Only recently has there developed an apprecia- 
tion of the extent of this depletion of such vital 
nutritional elements as plasma proteins and vita- 
mins and the far reaching influence of these de- 
ficiencies upon the repair of tissues, upon gastric 
and intestinal motility, and upon the distribution 
of fluids. 

In autopsy reports many of the deaths are 
attributed to the pathological findings which are 
immediately apparent but which in reality are 
often secondary to nutritional deficiencies. For 
example, when a patient who has depleted his 
food stores by starvation resulting from pyloric 
obstruction dies following operation, the autopsy 
may reveal such obvious causes of death as pul- 
monary edema, or as peritonitis resulting from 
leakage from the line of suture. In all probability, 
however, the edema resulted from hypoprotein- 
emia or the leakage from the failure of tissue repair 
caused by protein, vitamin C, and possibly other 
unknown deficiencies. 

In most of these malnourished patients it is im- 
possible to replenish their depleted food stores 
before operation is undertaken and one can 
at best provide only a very temporary supply of 
certain essential elements. To this end, however, 


all available facilities for rehabilitation, such as 
the liberal administration of water, sugar, whole 
blood, blood plasma and vitamins, should be 
utilized. Since the nutritional demands are tre- 
mendously increased following operation and 
since the parenteral route meets these demands so 
inadequately, it is very important to provide 
nourishment as soon as possible by alimentation. 
This can be done starting immediately following 
operation by means of oral jejunal feedings. Fol- 
lowing Ravdin’s report approximately 3 years ago, 
the method with technical variations has been 
used by me almost routinely. In the earlier cases 
two Levine tubes were threaded into the stomach, 
one through each nostril before the operation was 
started. At the completion of the gastrojejunal 
anastomosis one of these tubes was threaded 
through the stoma into the distal loop of the 
jejunum for a distance of 8 to 12 inches. Through 
this tube feedings were administered every hour, 
starting as soonas the patient returned from the op- 
erating room. Each feeding consists of 2 to 4 ounces 
of peptinized skimmed milk containing 5 grams of 
glucose to each 100 cubic centimeters of the mix- 
ture, followed in some instances by 1 or 2 ounces 
of normal salt solution, as indicated, to maintain 
fluid balance. By this means alone the patient 
receives from 2800 cubic centimeters of fluids to 
as large quantities as desired in addition to the 
normal salt requirements, so that it is unnecessary 
to administer fluids parenterally. In addition 
these feedings provide in 24 hours 150 grams of 
glucose, an equal quantity of milk sugar, 95 grams 
of the much needed protein, and the minimal 
caloric requirement of 1,795 calories. To these 
feedings there has been added the vitamins B-com- 
plex and C in the quantities indicated, and other 
medications as desired. Because 2 patients pulled 
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Fig. 1. Oral-jejunal intubation for feeding. Three days 
after an anterior Pélya resection showing the two Levine 
tubes which were threaded into the stomach (one through 
each nostril) before operation. At operation one tube was 
threaded through the stoma, S, into the distal loop of the 
jejunum, the other one was left in the gastric stump in 
order to keep it empty by constant suction. The area 
of increased density between O and S represents the thick 
edematous walls of the stomach and jejunum around 
the stoma. 


out the Levine tubes unintentionally during sleep 
the original procedure has been modified in the 
malnourished patients as shown in the roent- 
genogram, Figure 1. 

After the gastrojejunal anastomosis is com- 
pleted a catheter gastrostomy is done, and the tip 
of a catheter is threaded through the stoma into 
the distal segment of the jejunum. The wall of 
the stomach at the site of gastrostomy is anchored 
to the abdominal wall and the proximal end of the 
catheter is brought out through a stab wound to 
the left of the incision. It has been learned that 
the catheter can be passed most simply through 
the stoma into the jejunum by grasping the tip 
of the catheter in a curved hemostat with which 
it is directed through the small gastrostomy in- 
cision into the jejunum. Through this catheter 
feedings are administered as has previously been 
described. 

If the jejunum is distended rapidly some dis- 
comfort may be produced. Therefore, the feed- 
ings are administered slowly drop by drop from a 
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Fig. 2. Gastrostomy-jejunal intubation for feeding. 
Roentgenograms taken 7 days after a gastroenterostomy to 
relieve pyloric obstruction due to postcholecystectomy 
cicatrization about the duodenum. The tube enters the 
abdomen at A, the stomach at B, and the jejunum through 
the stoma at S. Note the area of decreased density out- 
lining the enormously dilated stomach. A small amount of 
barium taken by mouth outlines the cardia while some 
barium injected through jejunal tube can be seen in jejunum. 
Incidentally, shadows of two right renal calculi are shown. 


gravity bottle. The stomach is kept empty by 
constant suction applied through the Levine tube 
in the stomach. 

Two ounces of water are given by mouth every 
hour. This serves two purposes. It pleases the 
patient and, as it returns through the Levine tube, 
it washes the stomach and the tube. On the third 
day suction is discontinued, but the tube is left in 
place so that suction can be resumed in case of 
distress or other evidence that the stomach has 
failed to empty. On the fourth day hourly feed- 
ings of 2 ounces of milk and cream in addition to 
water are given by mouth and the jejunal feedings 
are reduced to 2 ounces. On the 5th day a 6 meal 
bland gastric diet is started and jejunal feedings 
are discontinued. If oral feeding progresses satis- 
factorily the gastrostomy catheter is removed on 
the 7th or 8th day. 

This method of intubing the jejunum has cer- 
tain advantages over jejunostomy. It does not fix 
the jejunum to the abdominal wall or cause other 
adhesions about it to act as potential sources of 
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Fig. 3. Gastrostomy-jejunal intubation supplementing 
gastric resection. 


jejunal obstruction and there is less likelihood 
of leakage. 

In our small series of cases no complications or 
ill effects have been encountered. To the con- 
trary, convalescence in each case has been ex- 
traordinarily uneventful. 

It is obvious that in cases with small residual 
gastric pouches which retract up under the costal 
margin, the procedure is technically impossible. 
In these cases recourse is had to oral jejunal feed- 
ings through the Levine tube which had been 
passed into the stomach before operation. Fortu- 
nately, however, little difficulty has been en- 
countered in the severely malnourished patients 
who are most in need of immediate feeding be- 
cause they are thin and lax from much loss of 
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JEJUNAL “COLIC 4 
FISTULA ) 


Fig. 4. Gastrostomy-jejunal intubation for preliminary 
jejunal feeding of patients with gastrojejunocolic fistula. 
The tube by-passes the jejunal-colic fistula and delivers 
food and water where it will be assimilated. After adequate 
restoration of nutrition the radical corrective operation can 
be done with much less risk. 


weight and their stomachs are usually large as a 
result of obstruction. 

Recently, jejunal feedings by means of gas- 
trostomy-jejunal intubation have been used to 
rehabilitate a severely depleted patient with a 
gastrojejunocolic fistula. A diagram of the 
procedure is shown in Figure 2. The rapidity of 
both physical and biochemical restoration was 
impressive as was the convalescence from the 
corrective operation which was done 12 days later. 
Following this corrective operation which included 
partial resection of the stomach, the gastrostomy 
tube was threaded into the jejunum through the 
new stoma and the jejunal feedings were continued. 





MULTIPLE MYELOMA 


RALPH K. GHORMLEY, M.D., F.A.C.S., GEORGE A. POLLOCK, M.B., F.R.C.S. (Ed.), F.A.C.S., 
BYRON E. HALL, M.D., and LAWRENCE H. BEIZER, M.D., Rochester, Minnesota 


N a previous communication, two of us 
(Ghormley and Pollock) reviewed the clin- 
ical and laboratory findings in 86 cases of 
multiple myeloma encountered at the Mayo 

Clinic between January 1, 1924, and December 31, 
1936. This present study was undertaken in an 
endeavor to bring the statistical survey of this 
disease up to date. Forty-one additional patients 
who had multiple myeloma were examined in the 
last 3 years, making a total of 127 patients exam- 
ined and treated in the 16 years from January 1, 
1924, to December 31, 1939. It is of interest to 
note the increase in the number of cases in which 
a diagnosis of multiple myeloma has been made 
since our paper on this subject was published. 

Multiple myeloma is a highly malignant tumor 
of the bone marrow which tends to occur after the 
fifth decade of life. Although the disease generally 
is insidious in its onset, on occasion it may run a 
fulminating course. In one of our cases only 4 
months elapsed from the appearance of the first 
symptom until the death of the patient. 

The etiology is unknown. Men are affected 
about twice as frequently as women. Trauma 
does not appear to influence the onset of the dis- 
ease; although in several cases history of injury 
was elicited on inquiry, its importance as an 
etiological factor was not emphasized by the pa- 
tients. The original description made by Dalrym- 
ple in 1846 of the pathological findings cannot be 
improved. Speaking of the appearance of two 
vertebrae and a rib at necropsy, he said: “the dis- 
ease appears to have commenced in the cancel- 
lated structure of the bone for the external osseous 
laminae are firmer and more healthy than the 
internal. . ..” and again, “the smoother surface of 
the rib, however, is raised by internal growths 
elevating the outer laminae here and there into 
irregularly sized and rounded dark red projections 
visible through the periosteal covering. The outer 
layers are steel hard requiring the exertion of some 
force to cut them; they are thin, however, and, 
when sliced, expose large cancellous cavities filled 
by a red gelatiniform substance threaded here and 
there by fine bony fibers. It is in these fibers of 
still-existing bone that many of the more impor- 
tant morbid changes may be witnessed.” 


From the Section on Orthopedic Surgery and the Division of 
Medicine, Mayo Clinic. 


Microscopically, the tumors are made up pre- 
dominantly of cells which closely resemble plasma 
cells. They possess the same tinctorial character- 
istics, which can be brought out by the Unna- 
Pappenheim stain. However, the nucleoli in these 
cells are more prominent than those in normal 
plasma cells. If a tumor nodule is the source of 
the material examined, the histological appear- 
ance is uniform and comprised almost entirely of 
these cells. The myeloid tissue and fat spaces 
seen in normal marrow are not encountered. On 
the other hand, if a portion of marrow between 
tumor nodules is examined, the picture may be 
essentially normal except for the finding of iso- 
lated tumor cells or small nests of tumor cells. 

Imprint preparations made from bone marrow 
obtained at biopsy or smears made from aspirated 
material, stained with any one of the Romanow- 
sky combinations of stains, lend a somewhat dif- 
ferent appearance to these cells. They vary in 
size from 7 to 30 microns and have a definite out- 
line. They are usually oval but occasionally are 
somewhat irregular. The cytoplasm ordinarily is 
deeply basophilic and has a lighter staining zone 
adjacent to the nucleus. The nucleus is round or 
oval and has a variable type of nuclear structure, 
the chief characteristic of which is a large, con- 
spicuous, sharply demarcated nucleolus. The 
chromatin usually is arranged either in fine or 
coarse strands, rarely in dense masses, and is 
sharply differentiated from the parachromatin. 
The identity of tumor cells in myeloma has not 
been established. Inasmuch as they differ from 
normal plasma cells and have a characteristic 
appearance morphologically, they are now usually 
referred to as “myeloma cells.” 

The progenitor of the myeloma cell is unknown. 
Many theories have been advanced and the cells 
which have been suggested as possible sources of 
these elements are as follows: myeloblasts; dys- 
plastic hemocytoblasts; the reticuloendothelial 
cells; lymphocytes; megakaryoblasts and osteo- 
blasts. From evidence in recent literature and 
in our material, it seems likely that in most in- 
stances the myeloma cell is derived from reticulo- 
endothelium. ’ 

SYMPTOMS 

The symptoms are diverse and, frequently, ap- 

parently unrelated. There are no symptoms 
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which are pathognomonic of the disease. Of our 
entire series of 127 cases, only 32 were proved at 
pathological examination. Eighty-three of the 
patients were males and 44 were females. The 
oldest male was 75 years of age, the youngest 4 
years. The average age of the patients at onset of 
symptoms was 54 years. The duration of symp- 
toms at the time of the first examination at the 
clinic ranged from 3 weeks to 5 years. The aver- 
age duration of symptoms was 1 year. The long- 
est duration of the disease was 9 years, the short- 
est 4 months. Pathological fractures were present 
in 13 proved cases, 40.6 per cent. 

Backache, by far the most common symptom, 
was the major complaint in most of our cases. 
When this was the sole symptom, the reason for 
the erroneous diagnosis of arthritis of the spinal 
column or neuritis is understood. Loss of strength 
and progressive weakness were the second most 
common cause for the patient’s seeking advice. 
Anemia, loss of weight, or occurrence of a patho- 
logical fracture was described less frequently, and 
the presence of a palpable tumor was rare. 

In about 70 per cent of our cases, albuminuria 
was present, although in only 36.5 per cent of 
cases in our second series was renal damage 
present, as evidenced by casts, hematuria, and an 
elevated value for blood urea. It is possible for a 
condition which has been diagnosed and treated 
as nephritis ultimately to be proved multiple 
myeloma. In one of our cases, excessive albu- 
minuria of long standing was the only finding; on 
further investigation, Bence-Jones proteinuria 
was discovered. Results of sternal puncture, ad- 
vised because of this finding, revealed the true 
nature of the disease as multiple myeloma. In- 
vestigation for Bence-Jones bodies was made in 
112 of the 127 cases, with positive findings in 68, 
60.7 per cent. A similar research in the proved 
group of cases of multiple myeloma gave positive 
findings in only 12 of the 29, 41.3 per cent. The 
more important of the various investigations car- 
ried out are listed in Table I. 


DIAGNOSIS 


Although symptoms are not pathognomonic of 
this disease, the discovery at examination of sev- 
eral of the findings listed in Table I should sug- 
gest the possible diagnosis of multiple myeloma. 

Biopsy or sternal aspiration to confirm the 
diagnosis of multiple myeloma is warranted in 
cases in which the patient is a man more than 
50 years of age who has changes in bones and 
progressively severe backache associated with 
Bence-Jones proteinuria or high level of protein in 
the serum. Multiple, punched-out areas of de- 
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TABLE I.—SUMMARY OF DATA CONCERNING 
CONSTITUENTS OF BLOOD IN ENTIRE SERIES 


















































Abnormal results 
Investigation Estimations* 
Type Cases} Per cent 

Albumin-globulin ratio 23 Reversed 13 56.5 
Uric acid 6 Elevated 4 66.6 
Blood cholesterol 5 Reduced 3 60 
Blood calcium 48 Elevated 10 20.8 
Blood phosphorus 42 Elevated 4 9.5 
Blood phosphatase 22 Elevated 4 18.1 
Serum sulfate 16 Elevated 5 31.2 
Serum protein 20 Elevated 10 50 
Blood urea 57 Elevated 21 36.8 
Sedimentation rate 29 Elevated 23 19.3 
Blood creatinine 9 Elevated 5 55.5 
Bence-Jones protein in 

urine 112 Positive 68 60.7 

















*One estimation listed per case. 


struction in the skull, ribs, and spinal column 
usually are accepted as roentgenological evidence 
of multiple myeloma, but it must be recognized 
that widespread metastatic carcinoma may give 
rise to similar appearances. In this connection, it 
is well to remember that the presence of myeloid 
immaturity and a “greasy” appearance in the 
blood smears described as suggestive of multiple 
myeloma are found in metastatic malignant dis- 
ease which involves the bone marrow and also in 
paroxysmal hemoglobinuria. Magnus-Levy ad- 
mitted the possibility of Bence-Jones proteinuria 
resulting from activity of normal marrow. 

The condition of the patient is not always an 
index of the extent of the disease. We have been 
astonished to observe patients in comparatively 
good condition who had extensive skeletal de- 
struction and again, we have been embarrassed at 
our inability to discover a definite skeletal focus 
on examination of a patient who is dying and has 
all other clinical signs and evidences of multiple 
myeloma. With so many possibilities for error, 
accurate diagnosis is difficult. The diagnostic re- 
sults of biopsy are excellent, but many patients 
are reluctant to undergo a surgical procedure 
which is not calculated to give relief. 

The comparatively recent introduction of ster- 
nal aspiration has placed at our disposal a proce- 
dure which will permit accurate diagnosis in most 
cases. The method is so simple in application that 
its routine use in suspected cases should be pos- 
sible. Material is aspirated from the marrow 
cavity of the sternum by means of a dry syringe 
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and is placed in a 2 cubic centimeter paraffin lined 
test tube containing a small amount of heparin. 
Material is mixed well to prevent clotting. Smears 
are made from this material which are stained 
with Wright’s stain and then by Giemsa’s. The 
presence of myeloma cells is diagnostic of the 
condition but their absence does not rule it out. 


PROGNOSIS 


Prognosis is uniformly poor in all cases in which 
evidence of involvement of bone is present. In our 
entire series, the average duration of life after 
diagnosis had been made was a year, which con- 
forms fairly accurately to the figure of 14.05 
months which we gave originally in our proved 
series. The longest duration of the disease in our 
proved group of cases was g years and 2 months, 
and the shortest, 4 months. 


In cases in which multiple myeloma affects the 
soft tissues only, it is possible that complete extir- 
pation of the lesion will result in cure. 

Other therapeutic measures are foredoomed to 
failure, yet there is evidence from the follow-up 
reports of our patients that temporary relief and 
improvement have followed the use of roentgen 
therapy and general tonic measures. At this time 
the authors are unable to state whether the pa- 
tients’ lives have been prolonged materially by 
the use of these measures. 
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THE SURGICAL ANATOMY OF THE SUPERIOR 
HYPOGASTRIC PLEXUS 


With a Report of 150 Personal Dissections 


B. BERNARD WEINSTEIN, M.S., M.D., New Orleans, Louisiana 


INCE its existence was first noted by von 
Haller many anatomists and surgeons have 
studied and given varied names and des- 
criptions to that collection of sympathetic 

fibers which only of late is being designated 
properly as the “superior hypogastric plexus.” 
This plexus, which is rarely a single nerve and is 
always prelumbar, is commonly and erroneously 
referred to by the misleading term, “the pre- 
sacral nerve’ (Latarjet and Bonnet). Recently 
Davis (23-26), Labate (38) and others have 
stressed the inaccuracy of the term “presacral” 
and have come to popularize the more acceptable 
terminology of Sappey, “superior hypogastric 
plexus.” 

In 1925 Cotte introduced the operation of re- 
section of the superior hypogastric plexus for the 
relief of pelvic neuralgia, vaginismus, dysmenor- 
rhea, hypoplasia of the uterus, metrorrhagia and 
sexual neurosis (2-3). Subsequently the procedure 
was popularized and the indications for its use 
extended by numerous contributions, particularly 
those of Cotte (5-20) and of Leriche (44-46). 
The successful and widespread use of extirpation 
of the superior hypogastric plexus led to its adop- 
tion for the relief of pain arising from such varied 
pathological conditions as (a) inoperable car- 
cinoma of the pelvic viscera; (b) intractable pri- 
mary dysmenorrhea; (c) cord bladder; (d) in- 
tractable cystalgia; (e) spasm of the bladder neck; 
(f) obstipation of rectal origin; (g) Hirschsprung’s 
disease; (h) pruritis vulvae; (i) vaginismus; (j) 
dyspareunia; (k) sclerocystic degeneration of the 
ovaries; (1) kraurosis vulvae; (m) severe per- 
sistent postoperative pelvic pain, and pelvic and 
abdominal pain of obscure origin. 

The increase in indications for extirpation of 
the superior hypogastric plexus and the wide adop- 
tion of the procedure as reflected by the numerous 
reports in recent literature created the need for, 
and gave a marked stimulus to, the study of the 
available literature on the detailed anatomy and 
surgical anatomy of the plexus. This was found 
to contain many conflicting reports. In fact, after 


From the Departments of Gross Anatomy and Gynecology, 
Tulane University, School of Medicine. 


noting the repetition of inaccuracies contained in 
the older literature one is tempted to agree with 
Byron Robinson when he states “It would aston- 
ish any student to know how little has been 
published in regard to the nervous system of the 
female genitals that is of an original character.” 

The existence, in the literature, of this wide 
variety of descriptions of the plexus led to a series 
of careful studies by a number of recent investi- 
gators, but as Davis (23-26) has so well stated, 
“Painstaking and exhaustive though this work 
has been, and possibly because of these factors 
the variations in the findings of different writers 
on the morphology of the plexus are even wider 
than those exhibited by the older authors.” 

While all types of plexus patterns have been 
reported, the main conflict lies between those who 
have reported the predominance or sole existence 
of “presacral nerves” and those who have sub- 
stantiated the finding of a predominance of “supe- 
rior hypogastric plexuses.”” An understanding of 
the development of these differences can. be de- 
rived from an appreciation of the fact that single 
nerves, bilateral cords, and a multiple variety of 
plexus formations occur, and when an investigator 
has had occasion to report a short series of dissec- 
tions in which a single type predominates there is 
apt to be an emphasis on that type, whereas the 
result of a larger series would at once demonstrate 
that all varieties reported may occur, and that 
the plexus patterns predominate. It is also true 
that superficial and inadequate dissection will 
frequently reveal a single nerve or bilateral cord, 
whereas further careful dissection of the same 
subject will reveal many intercommunicating 
twigs and may uncover a typical plexus arrange- 
ment. It is hoped that this investigation, con- 
taining as it does the largest group of detailed 
dissections thus far reported, will tend to crystal- 
lize more clearly our concept of the morphology 
of the superior hypogastric plexus. 


MATERIAL AND METHODS OF STUDY 


The specimens included in this study were 
obtained from the routine cadaveric material in 
the department of gross anatomy, Tulane Univer- 
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sity, during the summer sessions 1938 and 1939 
and the regular sessions 1938-1939 and 1939- 
1940, which were made available by Dr. Wilbur 
C. Smith and also several autopsy specimens from 
Touro Infirmary, New Orleans, were provided 
through the courtesy of Dr. John A. Lanford. 
While ro dissections were done on infants in 
order to determine whether there are differences 
in the morphology of the plexus in the infant and 
the adult, as claimed by some investigators, none 
was found and the infant material is not included 
in this report. This report considers the findings in 
150 adult dissections, representing 20 females and 
130 males. Of the 20 females 14 were negro and 
6 white, while 96 of the male specimens were 
negro and 34 white. This preponderance of the 
negro material is in accord with the usual per- 
centage distribution in the anatomical material 
obtained by this laboratory, and though there 
are many interesting studies on anatomical and 
surgical peculiarities in the negro, particularly 
those of Matas, Souchon, and Hoffman, there ap- 
peared to be no differences in the morphology of 
the superior hypogastric plexus in the two races 
and therefore for statistical purposes the group 
will be considered as a whole throughout the 
following discussion. 

Detailed dissections of the entire abdominal 
and pelvic sympathetic system were made on the 
first 32 cadavers. This included a study of the 
celiac plexus, the aortic plexus, the ovarian and 
renal plexuses, the lumbar sympathetic trunks, 
and the superior hypogastric plexus. The con- 
nections of the superior hypogastric plexus, in- 
cluding all of its afferent and efferent fibers, with 
the ganglionated sympathetic trunk and the 
sympathetic ganglia proper were studied. The 
fibers were traced from their origins to their final 
distribution in the pelvic viscera. In the remain- 
ing subjects the detailed gross anatomy of the 
superior hypogastric plexus and the interiliac 
trigone was recorded with notations on the oc- 
currence of anomalous structures in the interiliac 
trigone. In every instance a record was made of 
the size of the interiliac trigone and a sketch 
made of the morphology of the plexus and the 
relationships existing between the plexus and the 
contents of the interiliac trigone. In addition, 
observations were made on the variations of the 
sigmoid mesocolon. The female subjects, in every 
instance, were submitted to detailed study. 


CONNECTIONS OF THE SUPERIOR. HYPOGASTRIC 
PLEXUS 


The superior hypogastric plexus is a direct 
downward continuation of the intermesenteric 


nerves of Petit-Dutaillis-Flandrin. By way of 
these nerves it is connected above with the celiac 
plexus and the lumbar sympathetic ganglia (up- 
per 2 or 3). The intermesenteric nerves are com- 
posed of several (2 to 6) parallel fibers on either 
side of the aorta. These parallel fibers are con- 
nected by innumerable fibers and form the inter- 
mesenteric or aortic plexus. The intermesenteric 
nerves arise from the renal or aorticorenal gang- 
lion, the periarterial plexus of the renal artery 
and the transverse aortic bar, and the first and 
second lumbar sympathetic ganglia. They at first 
lie on the lateral aspect of the aorta, the right 
being somewhat further lateral than the left, 
which is closely adherent to the lateral aspect of 
the aorta. They then pass downward and medially 
to the anterior surface of the aorta, on which 
they continue downward (receiving and distribut- 
ing fibers to the inferior mesenteric ganglion and 
plexus) to the bifurcation of the abdominal aorta 
at which level they enter the interiliac trigone 
and terminate by forming the superior hypogastric 
plexus. Just prior to their termination they receive 
fibers from the lower lumbar ganglia. 

The plexus is connected above with the inferior 
mesenteric periarterial plexus, and when present 
the inferior mesenteric ganglion. These fibers 
may run downward to join the plexus directly or 
may join the intermesenteric nerves. 

The superior hypogastric plexus receives fine 
branches from each of the lumbar sympathetic 
ganglia. The contribution of the superior (first 
and second) ganglia is usually the more marked, 
frequently consisting of several distinct fibers 
which are contributed to the plexus via the inter- 
mesenteric nerves. The fibers from the inferior 
ganglia are inconstant and of finer caliber and 
when present are of a lesser number than the 
superior. The branches from the inferior lumbar 
ganglia occasionally join the intermesenteric 
nerves but more frequently enter directly into 
the superior hypogastric plexus, being found in- 
ferior to the termination of the intermesenteric 
nerves in the superior hypogastric plexus. The 
number of ganglia in the lumbar section of the 
cord varies, hence the terms superior and inferior 
ganglia are used in preference to numerical desig- 
nations. However in every case fibers are con- 
tributed to the plexus by all the lumbar sympa- 
thetic ganglia. The preponderance of fibers from 
the upper lumbar ganglia is in keeping with the 
observations of Hovelacque, Delmas and Laux, 
Davis, Labate, and others. 

In addition to these twigs from the lumbar 
sympathetic ganglia, fine fibers running from the 
sympathetic trunk proper to the superior hypo- 
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gastric plexus were demonstrable in 3 instances. 
The rarity of these fibers is in keeping with the 
finding of Davis, and contrasts with their fre- 
quency as reported by Latarjet and Bonnet. Of 
the 3 dissections in which these were seen, they 
occurred bilaterally in 2 instances and only on 
the left in 1 instance. All were short, fine fibers 
and ran almost transversely from sympathetic 
trunk to superior hypogastric plexus. 

The fibers arising from the lumbar sympathetic 
ganglia proper emerge from the medial aspect of 
the ganglia as fine though extremely tough fila- 
ments which are usually single, though occasion- 
ally multiple. They course downward and medi- 
ally posterior to the common iliac artery of that 
side and anterior to the vein. This relationship 
of artery, nerve, and vein is quite constant though 
in 5 dissections the nerve fibers passed posterior 
to both the artery and vein, and in 3 instances the 
fibers passed anterior to both structures. The 
nerves enter posteriorly at the superior aspect of 
the superior hypogastric plexus. In specimens in 
which a single “presacral nerve” occurs the fibers 
usually join the lateral borders of the nerve cord. 
In instances in which bilateral nerve cords occur, 
fibers join the lateral aspect of the ipsolateral 
nerve cord, while in the usual instance these 
nerves join the lateralmost portions of the plexus. 

The sacral ganglia do not usually contribute 
fibers to the superior hypogastric plexus, though 
in some instances the first sacral ganglia may sup- 
ply the plexus (6 per cent). Where this occurred 
the fibers arising from the first sacral ganglion 
coursed obliquely upward from the ganglion to 
join the plexus. In 2 instances short horizontal 
fibers from the first sacral ganglion joined the 
superior hypogastric plexus in addition to a full 
complement from the lumbar ganglion. The 
sacral ganglia usually intercommunicate via short, 
fine filaments which are immediately prevertebral 
and posterior to the fibroadipose lamina contain- 
ing the fibers of the superior hypogastric plexus 
(41). The sacral nerves contribute many fibers to 
the lateral aspect of the Frankenhauser plexus. 

The larger portion of the fibers of the plexus 
gradually diverge toward the lateral aspect of the 
interiliac trigone to terminate in the paired in- 
ferior hypogastric nerves. The chief innervation 
of the ureter is derived from these nerves. The 
inferior hypogastric nerves continue antero- 
inferiorly on the lateral pelvic wall and enter the 
uterosacral ligaments through which they course 
to the lateral aspect of the rectal ampulla, to 
terminate in the plexus of Frankenhauser. This 
rich sympathetic nerve fiber content of the utero- 
sacral ligaments has not been sufficiently appreci- 
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ated and is of considerable clinical interest since 
one frequently observes edematous and especially 
tender uterosacral ligaments associated with 
various types of pelvic pathology. 

There has been considerable discussion in the 
literature as to the existence of the Lee-Franken- 
hauser ganglion or plexus. Hovelacque referred 
to the anterior portion of the inferior hypogastric 
plexus as “the so called ganglion of Franken- 
hauser.’”’ Lee, Frankenhauser, Robinson, Hashi- 
moto, Jung, and Kehrer have all described the 
mass as a true sympathetic ganglion. It has been 
described as a grayish white plexus in the form 
of a quadrilateral mass whose limits and dimen- 
sions are not fixed, the medial surface of which is 
joined by the inferior hypogastric nerve. From 
the mesial aspect the pelvic visceral sympathetic 
innervation is derived, while the lateral aspect 
has an extensive anastomosis with the sacral 
nerves. Beautiful illustrations of dissections of 
the Frankenhauser plexus are given by Fontaine 
and Herrmann. The existence of this plexus, now 
well demonstrated anatomically, has been con- 
firmed clinically by successful novocain and al- 
coholic block of the Frankenhauser plexus area 
which is an accepted surgical procedure, 
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The superior hypogastric plexus also con- 
tributes filaments to the periarterial plexuses of 
the neighboring arteries: superior hemorrhoidal, 
the middle sacral, the external iliac and all the 
branches of the hypogastric. 

The several fine filaments to the superior 
hemorrhoidal artery pass laterally from the supe- 
rior portion of the left aspect of the superior 
hypogastric plexus and enter the sigmoid meso- 
colon. They are distributed to the sigmoid and 
may send fine branches to the plexus of Franken- 
hauser. 









Fig. 6. 
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Infrequently fine filaments join the middle 
sacral periarterial plexus. This is occasionally 
true of fibers to the external iliac artery (demon- 
strable in only 7 instances). The rarity of this 
occurrence coincides with the report of Davis 
who takes issue with the report of Latarjet and 
Bonnet in which these fibers were discussed as 
though a common finding. 

A diagrammatic schema of the connections of 
the superior hypogastric plexus is given in Figure 1. 

The sensory, or afferent, fibers course in a 
manner which probably is similar to that of the 
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motor, or efferents, except that they go via the 
posterior roots to reach the nerve cells of the 
posterior root ganglia. The afferent fibers of all 
the pelvic viscera transverse the superior hypo- 
gastric plexus with the exception of the ovarian 
and possibly some of the fibers of the fallopian 
tube which according to the physiological and 
anatomical researches of Labate and Reynolds 
“have no connection by way of the superior 
hypogastric plexus, nor do they traverse the 
inferior mesenteric ganglia or the lower aortic 
plexus” (38). This observation is of considerable 
clinical importance, and is borne out by the re- 
sults of sympathetic nerve block. The wider 
recognition of this contribution will call a halt to 
the needless (and of course unsuccessful) attempts 
to relieve pain of ovarian origin by superior hypo- 
gastric sympathectomy. The afferent nerves from 
the ovary are contained in the periarterial ovarian 
plexus and reach the tenth thoracic level of the 
spinal cord (Kuntz). The ovarian plexus is found 
in the suspensory ligament of the ovary and is 
joined by an external tubular branch from the 
fallopian tube. Five or 6 efferents of the tubular 
branch course through the broad ligament and 
reach the lateral aspect of the periarterial uterine 
plexus. 

The uterine afferent fibers traverse the Frank- 
enhauser and then the superior hypogastric 
plexuses to reach the cord at the level of the first 
lumbar to tenth thoracic segment (Kuntz). A 
detailed and excellent résumé of our current 
knowledge of the innervation of the uterus is given 
by Reynolds while a clear exposition of the inner- 
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vation of the bladder may be found in McLellan’s 
excellent monograph. 


MORPHOLOGY OF THE PLEXUS 


The superior hypogastric plexus is always found 
within the interiliac trigone, an area bounded by 
the bifurcation of the aorta above, the common 
iliac arteries laterally, and a line connecting these 
vessels at the promontory of the sacrum below. 
There is usually a plexus, uncommonly bilateral 
cords, and rarely a single “presacral” nerve. The 
plexus is triangular in shape with its apex up- 
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ward, representing the convergence of the inter- 
mesenteric nerves, and its base inferiorly where 
the main groups of nerve fibers diverge to termi- 
nate in the inferior hypogastric nerves. The posi- 
tion of the nerves whether as single cords or vari- 
ous plexus patterns is always prelumbar and 
never presacral. 

When the intermesenteric nerves fuse at the 
apex of the interiliac trigone and continue without 
divergence until the very base of the trigone the 
resultant pattern is a single nerve cord, the so 
called presacral nerve. This is relatively uncom- 
mon, 2 per cent in this series (Fig. 2). Even this 
single presacral nerve pattern may be classified as 
a plexus, if one considers the microscopic studies 
of Elaut, who was able to demonstrate clearly in 
transverse sections of the interiliac fibroadipose 
layer at least 4 or 5 separate islets of nerve tissue 
which are lost in the fat infiltrated subperitoneal 
membrane and have no reciprocal connections. 
In 2 per cent of our dissections the intermesenteric 
nerves enter the trigone, slightly separated, and 
after continuing down for 1 to 1.5 centimeters 
join to form a single nerve which bifurcates at the 
base of the trigone (Fig. 3). The intermesenteric 
nerves may enter the interiliac trigone widely 
separated and continue downward in this rela- 
tionship to the base of the trigone, where they 
continue as the inferior hypogastric nerves, thus 
giving a bilateral (or double) cord pattern (Fig. 4). 
When this occurs, the cords have a number of 
very fine filamentous connections demonstrable 
throughout the length of the interiliac trigone 
(8 per cent). 

Plexus patterns occur (4 per cent) wherein the 
lateral components are sharply marked but there 
are numerous heavy connecting fibers, and though 
the nerve fibers when inadequately dissected ap- 
pear as a single flat band, careful dissection re- 
veals a plexus (Figs. 5 and 6). 

In many instances (29 per cent) the intermesen- 
teric nerves upon entering the trigone fuse and 
almost immediately bifurcate to diverge at an 
acute angle. The diverging nerve cords are con- 
nected by many fibers, and a narrow triangular 
pattern results (Fig. 7), in contrast to the more 
frequent (35 per cent) and similar though wider 
triangular pattern and the relatively rare (2 per 
cent) spider-web pattern (Fig. 8) which is found 
when the divergence is marked and the connecting 
fibers are numerous and fine. In only 2 dissections 
(x per cent) were arch shaped patterns encoun- 
tered (Fig. 9). 

The plexus may be shifted so as to occupy a 
position solely to the left of the midline (Figs. 10 
and 11). However, the infrequency (8 per cent) of 


the occurrence of this left-sided “shift” certainly 
makes unacceptable Reynolds’ statement that 
“the nerves which comprise the so called hypo- 
gastric nerve pass caudally a little to the left of the 
midline.” These “left-sided” plexuses were fre- 
quently found to be immediately adjacent to the 
left common iliac artery and the root of the sig- 
moid mesocolon. This is of considerable surgical 
interest since the extirpation of the retroperito- 
neal fibro-adipose tissue in the central portion of 
the interiliac trigone would fail to remove the 
nerve fibers constituting this type of plexus. An 
appreciation of the foregoing fact and that a single 
“presacral”’ nerve rarely exists; that the superior 
hypogastric plexus is always prelumbar and fre- 
quently occupies the entire interiliac trigone, will 
cause fewer failures to be reported after superior 
hypogastric plexus sympathectomy. The incom- 
plete extirpation of the plexus, the improper selec- 
tion of cases and to a lesser extent the occurrence 
of neuromas in the remaining nerve stumps being 
the chief causes of poor results in surgery of the 
superior hypogastric plexus. 

In 8 per cent of the subjects the intermesenteric 
nerves continued into the trigone as multiple par- 
allel bands, frequently fusing just before reaching 
the promontory of the sacrum to form the inferior 
hypogastric nerves. These multiple parallel cords 
or bands were connected by many fibers. 

After a consideration of the large variety of pat- 
terns and the variations within each pattern 
group, one can well endorse the statement “It is 
difficult to find two plexuses with the same ana- 
tomical architecture’’ (Labate). 


SURGICAL ANATOMY 


A consideration of the surgical anatomy of the 
superior hypogastric plexus necessitates an appre- 
ciation of: (1) the interiliac trigone, in which the 
fibers of the plexus are always found; (2) the nor- 
mal contents of the trigone; (3) “abnormal” con- 
tents of the trigone; and finally (4) the variations 
in the pelvic mesocolon. 

The interiliac trigone has for its apex the bifur- 
cation of the abdominal aorta, its lateral bound- 
aries the common iliac arteries, and its base cor- 
responds to a line joining the two common iliac 
arteries at the level of the promontory of the sa- 
crum. The trigone, therefore, embraces an area 
comprising the lower half or third of the fourth 
lumbar vertebra, the intervening intervertebral 
cartilaginous disc and the fifth lumbar vertebra. 
Its length varies with the level of bifurcation of 
the abdominal aorta and averages approximately 
6 centimeters (4.9 cm. to 6.4 cm.). It tends to be 
slightly more elongated in the male (by approxi- 











a a a an one ae. ae ae a | 


a 


_s 


Cm Tt em eet rt Re oe 











WEINSTEIN: SURGICAL ANATOMY OF SUPERIOR HYPOGASTRIC PLEXUS 251 


mately 0.3 cm.). The width of the base of the 
trigone averages approximately 7 centimeters (5.8 
to 7.5 cm.) and tends to be wider in the female 
than in the male (by approximately 0.5 cm.). This 
is in keeping with the normal divergence of the 
common iliac arteries from the bifurcation of the 
abdominal aorta, which occurs at an angle of 60 
degrees in the male and 68 degrees in the female. 
It is of interest to note that the dimensions of the 
trigone were exactly similar in the negro and 
white female; however, in males the trigone tends 
to be narrower and longer in the negro than in the 
white. 

The trigone normally contains the left common 
iliac vein, the middle sacral artery and veins, and 
the right ureter. On the left border of the trigone 
the inferior mesenteric artery and its sigmoid 
branch enter the root of the pelvic mesocolon. 
Finally a fairly tough retroperitoneal connective 
tissue layer, into which the fibers of the superior 
hypogastric plexus are incorporated, lies within 
this area. 

The left common iliac vein runs parallel to the 
inferior (medial) margin of the left common iliac 
artery and courses upward and to the right, as- 
cending posterior to the right common iliac artery 
to join the right common iliac vein in the forma- 
tion of the vena cava. The left common iliac vein 
thus occupies a considerable portion of the upper 
and left aspect of the trigone. The vein is im- 
mediately subjacent to the overlying (anterior) 
layer of fibrous and fatty tissue in which the fibers 
of the superior hypogastric plexus are found and 
thus constitutes a surgical hazard of marked im- 
portance, especially when it is remembered that 
the wall of the vein is extremely thin. Fortun- 
ately, the fibrocellular layer which is firmly ad- 
herent in the remainder of the trigone is very 
loosely adherent to the vein and may be easily 
separated from it. An appreciation of the surgical 
importance of this fact is heightened when it is 
recalled that in 9 per cent of this series the entire 
superior hypogastric plexus is shifted to the ieft 
and occupies an area solely in the left half of the 
trigone being markedly condensed anterior to the 
left common iliac vein. In performing a superior 
hypogastric sympathectomy the surgeon working 
“over” (i.e., anterior to) the vein takes advantage 
of this loose connection of the nerves to the vein, 
in an effort to avoid injury to the vessel. Injury 
to the vein has been reported (1). 

The middle sacral artery and its accompanying 
veins descend from the bifurcation of the aorta 
to the tip of the coccyx. The artery passes down- 
ward in the interiliac trigone which it tends to 
bisect, though occasionally it occupies a position 


slightly in the left half of the trigone. Within the 
trigone it lies successively upon the intervertebral 
disc between the fourth and fifth lumbar verte- 
brae, and the anterior aspect of the body of the 
fifth lumbar vertebra. It is posterior to the con- 
nective tissue layer which contains the nerve 
fibers, and may be palpated through this layer. 
The artery is not infrequently confused with a 
“single presacral nerve” type of superior hypo- 
gastric plexus and occasionally has been extir- 
pated for the plexus. It is interesting to note 
that the artery which is not frequently visually ob- 
vious can almost invariably be palpated, while 
the nerve fibers of the superior hypogastric plexus 
which are frequently visually obvious through a 
transparent peritoneum can not be identified by 
the palpating finger. When this point is appreci- 
ated more fully, the incidence of extirpation of 
the middle sacral artery for the “presacral nerve” 
will markedly decrease. An appreciation of the 
fact that the existence of a “presacral nerve’’ is in 
itself a rarity will also cause a cessation of the 
extirpation of a single cord area, and lead to the 
universal adoption of the policy of extirpating the 
entire interiliac fibrocellular tissue for removal of 
the superior hypogastric sympathetic plexus. 

The right ureter is exposed in the interiliac 
trigone, where it crosses the right common iliac 
artery just superior to its bifurcation into the 
external iliac and hypogastric arteries. Fortun- 
ately, the right ureter is firmly adherent to the 
posterior surface of the peritoneum and is usually 
retracted with the peritoneum when it is reflected 
laterally, whereas the nerve fibers are incorporated 
into and firmly adherent to the subjacent fibro- 
cellular layer of retroperitoneal connective tissue. 
Thus the ureter can be identified and injury to it 
avoided. In certain instances in which a type III 
mesocolon exists (vide infra) and it is necessary to 
retract the mesocolon sharply to the left, or when 
a type II pelvic mesocolon exists which must be 
retracted far to the left in order to remove it from 
the operative field, the ureter may be displaced 
mesially and be more liable to injury. The left 
ureter is normally found entirely outside of the 
interiliac trigone and is rarely subject to injury 
in superior hypogastric sympathectomy. 

The inferior mesenteric artery runs downward 
from its origin about 3.5 centimeters superior to 
the bifurcation of the aorta, running obliquely and 
to the left, anterior to the lower portion of the 
abdominal aorta, and the left common iliac artery. 
It descends into the pelvis between the layers of 
the sigmoid mesocolon to terminate on the rectum 
as the superior hemorrhoidal artery. Its sigmoid 
branches run downward and to the left to enter 
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the sigmoid mesocolon and are distributed to the 
sigmoid. As they enter the root of the pelvic 
mesocolon they lie on the left border of the inter- 
iliac trigone and in instances in which a type ITI 
mesocolon exists they assume importance in supe- 
rior hypogastric sympathectomy since it is neces- 
sary to dissect between the layers of the mesocolon 
to expose the interiliac trigone, and in such a dis- 
section these vessels may be injured. 

The interiliac trigone is entirely retroperitoneal. 
Its peritoneal covering on the right is reflected to 
the lateral walls of the pelvis and spreads down- 
ward to the anterior surface of the sacrum. On 
the left the peritoneum descends from the abdo- 
men to the rim of the pelvis where it is reflected 
over the sigmoid colon and the upper portion of 
the rectum whence it is again reflected to the inner 
aspect of the anterior abdominal wall. The peri- 
toneal layers which have thus ensheathed the pel- 
vic colon approach each other superomedially 
and fuse to form a true mesentery, the pelvic 
mesocolon. Between the two layers of the pelvic 
mesocolon run the vascular and nervous supply of 
that section of the bowel. 

There is considerable variation in the length 
and the position of the line of attachment of the 
pelvic mesocolon. In general three main types 
may be described: 

Type I. A short mesocolon easily retracted to 
the left and allowing adequate exposure of the 
interiliac trigone (Fig. 13). 
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Type II. A long mesocolon which may readily 
be shifted or retracted to expose the interiliac tri- 
gone (Fig. 14). 

Type III. A long mesocolon, the leaves of 
which embrace the interiliac trigone; its at- 
tachment being along the midline. This type of 
mesocolon makes difficult the exposure of the 
interiliac trigone, particularly when dissection be- 
tween the leaves of the mesocolon is resorted to in 
order to expose the superior hypogastric plexus 
(Fig. 15). This type of dissection endangers the 
vascular and nervous supply which is transmitted 
through the mesocolon to the bowel it ensheaths. 
Dissection between the layers of the mesocolon 
should be avoided and the superior hypogastric 
plexus exposed by incision parallel to the root of 
the mesocolon and through both of its layers 
(Elaut). In a series of 50 dissections Elaut re- 
ported the occurrence of 78 per cent of the first 
type of mesocolon, 14 per cent of the second, and 
8 per cent of the third. Roussel reported type III 
mesocolon in 15 per cent of his cases, while Cotte 
found it in only 1 per cent. Bernard and Theo- 
doresco, and Labate have each reported its occur- 
rence in 1 case. 

In this series in females type I occurred in 75 
per cent, type IT in 25 per cent. Type III did not 
occur. The incidence was similar in the negro and 
the white. However, in males there was a greater 
occurrence of the type III mesocolon in the negro, 
the percentages being 82 of type I, 14 type IT, and 
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5 type III in the white, while they were 70 type I, 
16 type II, and 14 type III in the negro. As pre- 
viously noted this was the only significant racial 
difference encountered. 

In addition to these normal relations of the 
interiliac trigone, various anomalies have been 
encountered. In 4 dissections accessory ureters 
were found which traversed the trigone. Davis 
similarly reported occurrences of accessory ureters 
in 3 of the 12 operative cases he studied. In sev- 
eral of our dissections in the infant, the right ure- 
ter bent rather sharply toward the midline and so 
was included in the trigone and subject to injury. 
This finding is confirmed by Labate, who included 
52 infants in his report of 75 dissections. 

In 3 of our dissections the transverse duodenum 
was found anterior to the interiliac trigone. In 1 
of these cases the other abdominal viscera were 
also ptosed. In the 2 others the abdominal viscera 
were normally located with the exception of the 
duodenum. The left common iliac vein in 14 per 
cent of our dissections had sharp S-like devia- 
tions toward the midline, and projected into the 
interiliac trigone to well beyond the midline oc- 
cupying the entire upper and left half of the tri- 
gone. In 2 per cent of this series the left common 
iliac artery had a similar deviation, and occupied 
a position which would normally be well within 
the interiliac area. In these 2 instances the artery 
was partially covered anteriorly with the hypo- 
gastric plexus which in each of these instances 
was of the spider-web pattern, and occupied an 
area comparable to the normal trigonal area. In 
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1 subject the right and left common iliac veins 
joined to form the inferior vena cava anterior to 
the bifurcation of the abdominal aorta. The inter- 
iliac trigone in this instance was bounded by the 
vena cava superiorly and the common iliac veins 
laterally, the aorta and common iliac arteries be- 
ing posterior to these structures. The superior 
hypogastric plexus in this instance was of the mul- 
tiple cord pattern and within the venous triangle. 

The discussion of a very important vascular 
anomaly which occurs with surprising frequency 
and which has gained little attention in the liter- 
ature has been left for last. The majority of 
investigators are silent on the subject. Elaut 
states ‘One must bear in mind a certain anomaly 
of the blood vessels occurring not infrequently 
within the interiliac trigone. In our rather smal! 
series of cases we met this condition twice, namely: 
a large, pencil-sized vein arose from the left com- 
mon iliac vein, proceeded directly across the 
trigone and joined the opposite wall of the pelvis 
at a spot close to the bifurcation of the common 
artery. The veins lay on the periosteum, the 
nerves cross it obliquely, being adherent in a few 
places.” In the series of dissections herein re- 
ported anomalous veins of this type were found 
26 times! Seventeen occurred in the male, and 
9 in the female, with the distribution even between 
the negro and white. In several instances the vein 
was half as large as the common iliac vein, while 
in the greater number of cases the vein was of 
much smaller size. In 3 instances these large 
veins arose within the substance of the psoas 
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muscle on the opposite side of the pelvis and 
crossed the interiliac trigone to empty into the 
left common iliac vein. Many of the smaller 
veins could be traced directly from the periosteum 
traversing the interiliac trigone and emptying 
into the common iliac vein. Several of the veins 
were in the nature of accessory hemorrhoidal 
veins which ran retroperitoneally to the left of 
the midline in the interiliac trigone to empty into 
the left common iliac vein. These veins are a 
distinct surgical hazard, and should be given 
much greateremphasis. Further investigations of 
their exact origins are in progress (Figs. 16, 17). 


RESULTS OF EXTIRPATION OF THE SUPERIOR 
HYPOGASTRIC PLEXUS 


A detailed account of the physiology of the 
superior hypogastric plexus does not come within 
the province of this paper. However, one hesitates 
to omit some comments on the results of extirpa- 
tion of the superior hypogastric plexus on men- 
struation and on parturition which are currently 
not widely appreciated. Despite many expressed 
fears to the contrary, Pearce has recently ade- 
quately stressed the lack of harm of this procedure 
in reference to childbirth and concluded, ‘‘Pre- 
sacral neurectomy has no influence on any part of 
the process of pregnancy. In some patients, 


probably only a small proportion, the first stage 
of labor is painless and rapid or else unobserved.” 
These conclusions are substantiated by the ob- 
servations of many others (Collins, Cotte, Davis, 
Donaldson, Keene, Learmonth, Fontaine and 
Herrmann, and Wetherell). 





Fig. 17. 


The menstrual cycle is unaffected by superior 
hypogastric plexus sympathectomy, though the 
period immediately following the operation may 
be prolonged (Fontaine and Herrmann). 

The physiology of the superior hypogastric 
plexus in relation to the urinary system has been 
adequately stressed by McLellan and Learmonth. 


SUMMARY 


A report is given of 150 personal dissections of 
the superior hypogastric plexus: 20 females, 14 
negro and 6 white; and 130 males, 96 negro and 
34 white. The surgical anatomy of the interiliac 
trigone, an area bounded by the bifurcation of the 
abdominal aorta, the common iliac arteries, and 
the promontory of the sacrum, which contains the 
superior hypogastric plexus, is described. Stress 
is laid upon: 

1. The wide variation in the configuration of 
the superior hypogastric plexus and the pre- 
dominance of plexus patterns, 88 per cent; the 
uncommon finding of bilateral nerve cords, 8 per 
cent; and the relative rarity of the single “pre- 
sacral nerve,” 4 per cent. 

2. The disposition of the normal contents of 
the interiliac trigone; (a) the left common iliac 
vein; (b) the middle sacral vessels: (c) the right 
ureter; and (d) the fibrocellular connective tissue 
lamina which contains the superior hypogastric 
plexus (Fig. 12). 

3. The anomalies of the interiliac region: (a) 
accessory ureters; (b) low lying transverse duo- 
denum covering the anterior surface of the trigone; 
and (c) an anomalous vein which occurred in 26 
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dissections to which special emphasis is given 
(Figs. 16 and 17). 
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4. The variations in length and implantation 
the sigmoid mesocolon with a description of 


the three types encountered (Figs. 13, 14, and 15). 


Cs An PWN 


NRHN N NNN WN 


wr wnro 


op 


~s 


REFERENCES 


. Coxrttns, C. G. New Orleans M. & S. J., 1939, 91: 75. 
. Corre, G. Lyon méd., 1925, 56:153. 


Idem. Presse méd., 1925, 33: 98. 
Idem. Paris méd., 1927, 54: 583. 
Idem. Lyon chir., 1927, 24: 103. 
Ibid. 1927, 24: 741. 


. Ibid. 1927, 24: 403. 
. Idem. J. méd. frang., 1928, 17: 395. 


Idem. Troubles fonctionnels de l’appareil génital de 
la femme. Paris: Masson et Cie, 1928. 


. Idem. Rev. frang. de gynéc. et d’obst., 1928, 23: 


475- 5 
. Idem. Lyon chir., 1928, 25: 717. 


Idem. Lyon méd., 1929, 144: 653. 


. Ibid. 1929, 144: 540. 
. Idem. Chirurgie du sympathique pelvien en gyné- 


cologie. Paris: Masson et Cie, 1932. 


. Idem. Lyon chir., 1934, 31: 56. 
. Idem. J. internat. de chir., 1936, 1: 169. 


Idem. Gaz. méd. de Par., 1937, 44: 325. 


. Idem. Am. J. Obst. & Gynec., 1937, 33: 1034. 
. Corte, G., and DecHauME,?M. J. de chir., 1925, 25: 


653- 
Idem. Presse méd., 1930, 38: 1687. 


. Corte, G., and R. Noex. Lyon chir., 1927, 24: 404. 
. Idem. Compt. Rend. Soc. de biol., 1927, 116: 542. 

. Davis, A. A. Brit. J. Surg., 1932, 20: 516. 

. Idem. J. Obst. & Gynec. Brit. Emp., 1933, 40: 481. 


Ibid. 1934, 41: 942. 

Idem. Brit. M. J., 1934, 2: 1. 

Detmas, J., and Laux, G. 
49: 187. 


Montpel. méd., 1927, 


28. 


29. 
30. 


31. 
32. 
33- 
34, 
35- 
36. 
37- 


38. 
39- 


40. 
41. 


42. 
43- 
44. 
45- 
46. 
47- 
48. 
49. 


50. 


54. 


5I. 
52. 
53- 


SURGICAL ANATOMY OF SUPERIOR HYPOGASTRIC PLEXUS 255 


Donatpson, M. Proc. Royal Soc. Med., 1933, 27: 
263. 

Exaut, L. Surg. Gynec. & Obst., 1932, 55: 581. 

FONTAINE, R., and HERRMANN, L. G. Surg., Gynec. 
& Obst., 1932, 54: 133. 

FRANKENHAUSER, F. Ein Beitrage zur Anatomie und 
Gynaekologie. Jena: Fr. Manke, 1867. 

HALLER, ALBERTO V. Lausanne, 1778. J. H. Pott 
et Soc. Vol. 7: 135. Quoted by Davis (24). 

Hasurmoro, S. Beitr. z. Geburtsh. u. Gynaek., 1940, 


o: 33, 
Junc, P. Monatschr. f. Geburtsh. u. Gynaek., 1905, 


2I° I. 

KEENE, F. E. Am. J. Obst. & Gynec., 1935, 30: 534. 

Kesrer, E. Arch. f. Gynaek., 1910, 90: 169. 

Kuntz, A. The Autonomic Nervous System. Phila- 
delphia: Lea & Febiger, 1934. 

LaBaTE, J. S. Surg., Gynec. & Obst., 1938, 67: 199. 

LABATE, J.S., and REyNoLps, S. M. R. Am. J. Obst. 
& Gynec., 1937, 34: I. 

LABBOK, A. J. Anat. Anz., 1938, 86: 42. 

Latarjet, A., and Bonnet, P. Lyon chir., 1913, 9: 
619. 

LEARMONTH, J. R. Am. J. Surg., 1933, 20: 27. 

Lee. R. Phil. T., 1842, 2: 173. 

LEerRIcHE, R. Ann. med.-chir., 1927, 1: 14. 

Idem. Presse méd., 1927, 35: 496. 

LERICHE, R., and P. Stricker. Bull et mém. Soc. 
nat. de chir., 1927, 53: 819. 

McLettan, F. C. The Neurogenic Bladder. Balti- 
more: Charles C. Thomas, 1939. 

Petit-DuTAILuis, P., and FLANDRIN. Bull et mém. 
Soc. anat. de Par., 1923, 93: 635. 

Reynotps, S. R. M. Physiology of the Uterus. New 
York: Paul B. Hoeber, 1937. 

Rosrnson, B. Med. Record, 1894, 46: 403. 

Rousset, P. Thése de doct., 1926. 

SapPey, P. C. Traité d’Anat. Descrip., 1870, 159. 

WEInsTEIN, B. B. Thesis, Tulane University of 
Louisiana, 1940. 

WETHERELL, F.S. J. Am. M. Ass., 1933, 101: 1295. 





SO CALLED “IODINE RESISTANT” 


HYPERTHYROIDISM 


J. E. KEARNS, Jr., M.D., F.A.C.S., and PAUL STARR, M.D., Chicago, Illinois 


HE operative mortality rate in well con- 

trolled cases of hyperthyroidism is still 

between 1 and 5 per cent depending 

upon the co-ordination between the med- 
ical and surgical divisions and the number of 
severely ill patients included in the series studied. 
We do not consider the patient with Graves’ dis- 
ease an emergency until he has been started on 
iodine; even the acutely ill patient can be con- 
trolled for a period of time with diligent medical 
and roentgen therapy. A few cases of toxic goiter, 
between 5 and to per cent, will not respond to the 
usual preoperative iodine therapy and some ap- 
pear to become definitely worse with its use. 
These patients are usually in the older age group 
and it is our opinion as well as that of others, 
that the mortality and morbidity following op- 
eration in these cases are higher. 

We wish to show that these so called “iodine- 
resistant” or “iodine fast” cases will respond to a 
specific regimen of therapy, that they are not emer- 
gency cases, but that with time they can be 
operated upon under the influence of iodine. 
Blank, Means, and others have definitely found, 
both by clinical and pathological studies, that 


From the Divisions of Surgery and Medicine, Northwestern 
University Medical School. 


some of these patients are in reality being con- 
trolled by iodine. There is no clinical evidence of 
this fact, however, because the use of the iodine 
is preventing a crisis. Crisis, in itself, would sug- 
gest that great caution should be exercised in an- 
ticipating operation at this time. 

A search of the literature reveals that this con- 
dition was not described until after Marine and 
Kimball in 1917 advocated the use of iodine and 
iodized salt in the prevention of “endemic” goiter, 
and when Plummer and his associates recom- 
mended in 1923 the use of Lugol’s solution in 
the preoperative and postoperative care of toxic 
patients. It is obvious to us that some of these 
patients have been taking sufficient iodine so 
long that the thyroid is no longer able to respond 
to its use. The source of the iodine may be salt, 
food, old family remedies, or patent medicine. 
W. O. Thompson et al. have shown that the 
minimal effective dose of compound solution of 
iodine varies between 6 and to milligrams a day. 
The average person consumes about 1.2 milli- 
grams of iodine a day in table salt alone without 
considering other food sources. It is a well known 
fact that if a patient has been receiving Lugol’s 
solution or some other iodine substance for a long 
time in an attempt to manage his condition “med- 
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ically,” the only safe way to treat that patient 
further is to take him off iodine gradually. Then 
after a period of time, say 2 to 4 months, when the 
thyroid will again respond the patient can be 
operated upon safely under its influence. 

With this in mind, we suggest the following 
regimen to be used in such cases. When it is ob- 
vious that a patient will not have an “iodine 
remission” he is weaned from it, so to speak, 
that is, the iodine is stopped gradually so that 
a crisis will not occur. The weaning process may 
take a few days or it may take weeks. The 
symptoms may become slightly aggravated but 


bed rest and sedation have been found ample to 
control them. The x-ray may also be helpful. 
Second, the patient is placed on an iodine-free, or 
low in iodine, diet but high in proteins, vitamins, 
and carbohydrates. It must be emphasized again 
and again to the patient not to take iodine or any 
foods containing it and to take no medicine other 
than that prescribed. The patient may be seen at 
weekly intervals for the first month or so and then 
every month until sufficient time has passed, 2 to 
4 months. At the end of this time he is again 
hospitalized and prepared in the usual manner for 
operation. 
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Brief reviews of 2 cases with their clinical rec- 
ords are presented to show the efficacy of this 
method. A third case is presented to demonstrate 
the value of the method in a patient who devel- 
oped a preoperative complication that made post- 
ponement of surgery to a more opportune time 
necessary. 


Case 1. Mrs. H. H., 50 years of age, sought relief for 
palpitation, loss of weight, nervousness (hysteria at times), 
heat intolerance, and eye trouble. There was no history of 
iodine medication for 12 years. Physical examination 
showed a nervous, acutely ill female; pulse, 100; blood 
pressure, 180/80. The skin was hot and moist with a 
definite pigmentation over the forearms. She presented a 
moderate exophthalmos and had numerous eye signs. A 
firm thyroid was palpable, but there was no bruit. Lab- 
oratory reports were essentially normal except for a meta- 
bolic rate of plus 54 per cent. From a study of the chart 
(Fig. 1) it can be seen that on Mrs. H’s first admission to 
the hospital there was little, if any, response to 28 days on 
iodine therapy so this was stopped gradually and the pa- 
tient was discharged from the hospital. Four months later 
she was readmitted to the hospital and was operated upon 
successfully following an iodine remission. It is inter- 
esting to note the postoperative reaction following the 
abrupt withdrawal of iodine and its subsidence when 
iodine was started again. 

CasE 2. Mrs. A. G., 46 years of age, also had a rather 
typical history and findings of toxic goiter, with no previous 
story of iodine medication. The physical findings showed a 
nervous, well developed, white female; pulse, 95; blood 
pressure, 158/70. The thyroid was enlarged, with a slight 
bruit, firm, and nodular. In this patient’s clinical course 
(Fig. 2) she was one of the few that we have seen who 
developed more severe toxic symptoms while on iodine, 
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but after a period of 31%4 months without it we were able 
to secure a remission and she was safely operated upon. 

CAsE 3. Mrs. J. F., aged 50 years (Fig. 3), presented 
clinical symptoms and findings of Graves’ disease. She 
developed an acute upper respiratory infection on the fif- 
teenth day of preoperative preparation, and had escaped 
from the iodine effect by the time this was controlled. The 
patient was sent home on an iodine-free diet, etc., for 3 
months and has since been readmitted to the hospital and 
successfully operated upon. 


CONCLUSION 

The 3 cases presented show the benefit of the 
conservative handling of so called iodine-resistant 
cases as well as in one in which postponement of 
operation was necessary. 

We realize the difficulty of managing these pa- 
tients unless they can be kept under constant 
observation but do believe that in cases not emer- 
gencies, the type of care described will result in a 
further reduction in mortality and morbidity. 
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HAZARDS OF FIRE AND EXPLOSION OF 
ANESTHETIC AGENTS 


II. In the Presence of the Cautery 


BARNETT A. GREENE, M.D., Brooklyn, New York 


E have described, in a preceding re- 

port,! the hazard of anesthetic com- 

bustion during the use of x-ray appa- 

ratus. Like x-ray equipment, the 
cautery is a common source of danger that is 
always condemned by writers on anesthetic ex- 
plosions but without sufficient explanatory detail 
to force every anesthetist and surgeon to realize 
how serious is the danger and how great is the 
need for accurate and minute knowledge of the 
facts of anesthetic combustions. In this paper we 
deal at length with the information required of 
the anesthetist and the surgeon which will enable 
them to use the actual cautery safely and yet 
without unnecessary restrictions. 

We also discuss here, because it is most fitting, 
ignition by such obviously hot objects as the cau- 
tery, gas flame, match light, or cigarette; also 
mentioned are the small group of fires caused by 
the application of the cautery to surgical fields 
prepared with ethyl chloride spray anesthesia, or 
with inflammable skin cleansers like ether or alco- 
hol, or with inflammable skin antiseptics like the 
various tinctures. 

The actual cautery is an important surgical in- 
strument employed in almost every operating 
room at least several times a week. Familiarity 
with the cautery has bred contempt for this haz- 
ard. On the other hand, unreasonable restrictions 
against the use of the cautery should not be placed 
in the way of the surgeon desiring to employ it. 

Why have there been at least 55 known and 
wholly preventable anesthetic fires and explosions 
ignited by such an obvious hazard as a cautery, 
flame, or other hot object? We think the explana- 
tion is to be sought in the following reasons: 

1. Ignorance of an elementary knowledge of 
anesthetic combustion. Our personal survey has 


Dr. Greene is director of anesthesia, Prospect Heights Hos- 
pital, Brooklyn, N. Y.; anesthetist, Brooklyn Cancer Institute, 
Kings County Hospital; chairman, Subcommittee on Anesthetic 
Hazards, American Society of Anesthetists; Diplomate American 
Board of Anesthesiology. 

1This is the second of a series of papers on the explosion and fire 
hazard of anesthesia based on a study of the literature and of the 
case reports secured by the Committee on Anesthetic Hazards, 
Dr. Barnett A. Greene, chairman; this group acting as a subcom- 
mittee of the Research Committee of The American Society of 
Anesthetists, Inc. 


found an astonishingly large number of surgeons 
and anesthetists who lack basic and even rudi- 
mentary information on this subject. 

2. Indifference toward the hazard because of 
past good fortune while using set-ups in the oper- 
ating room which we consider dangerous. 

3. A paucity and inflexibility of anesthetic 
methods available to many surgeons who must 
use the cautery. (This is the usual reason for the 
use of hazardous techniques.) 

In short, the cause is almost always ignorance. 
The cure must be education and elevation of the 
standards of anesthetic training and practice. 


PHYSICAL AND CHEMICAL DATA 


The fundamental physical and chemical data 
included in the first report (22) will not be re- 
peated, although they should be familiar to all 
who read this and subsequent reports. We shall, 
however, present such supplementary facts as 
have a special bearing on the particular type of 
hazard under discussion. 

The following information, added to the basic 
scientific facts presented in our first paper, should 
be required knowledge of every anesthetist, and 
also of every surgeon who desires or is obliged to 
dictate the choice of anesthetic procedures. 

1. The minimum ignition temperatures at o de- 
grees C. are shown in Table I. 


TABLE I.—MINIMUM IGNITION TEMPERATURES 


In air In oxygen 
BM UR 565055 sc eesiaa cannes 304 182 
Se ae 399 327 
ce ee ere 490 485 
Tee 498 
er 517 468 


It is apparent that the presence of a high con- 
centration of oxygen instead of air (21 per cent 
oxygen and 79 per cent nitrogen) lowers the mini- 
mum ignition temperature of a combustible agent; 
nitrous oxide lowers it even more than does oxy- 
gen (8). 

As shown in Table I ether-oxygen and ether-air 
mixtures are more easily ignited than similar mix- 
tures of ethylene or cyclopropane. 
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The minimum ignition temperatures of liquid 
ether, and mixtures of ether with air, oxygen or 
nitrous oxide are well below visible spark temper- 
atures (3, 4, 13). Kirby Thomas has found that 
certain mixtures of ether-air or ether-oxygen can 
be exploded at temperatures below roo degrees C. 
(33)- 
The hot element of all cauteries can ignite any 
combustible anesthetic mixture. Many case re- 
ports have demonstrated this fact beyond doubt. 

2. Electric cauteries present four points at 
which igniting temperatures may be produced: 
(a) the heated element, (b) the foot pedal switch, 
(c) the rheostat, and (d) the cord or terminals 
which may break because of frequent usage or be- 
come detached because of inadvertent pulling 
(29), thus producing sparking. 

3. A knowledge of the densities of anesthetic 
gases and vapors is important in understanding 
the cautery hazard. As compared with air having 
a density of 1, ethylene has a density of 0.97; 
cyclopropane, 1.45; ethyl chloride, 2.23; divinyl 
ether, 2.42; and diethyl ether, 2.56 (21). 

“The rate at which a gas or vapor will diffuse or 
mix with air is inversely proportional to the square 


root of its density (rate of diffusion «+———); 

y( Vv Density’ 
for this reason anesthetics having low density such 
as ethylene will diffuse more rapidly into air than 
will ether vapor. This means that rich mixtures 
of ethylene on being discharged into an operating 
room will pass through the explosion range and 
become nonexplosive, other conditions being con- 
stant, sooner than a heavy vapor. .. . A heavy va- 
por such as ether has a tendency to remain longer 
in its highly concentrated condition and on ac- 
count of its greater density will tend to descend 
and accumulate at the floor level and under favor- 
able circumstances may flow a considerable dis- 
tance from the source of discharge. On account of 
these characteristics, the fire hazards are greater 
for vapors of this type. ...” (21). Ether has been 
known to take fire at a measured distance of 15 
feet from the source of escaping vapor (34). 

It is because of its heavy density as well as its 
frequent administration in open techniques that 
we find ether to be the most often ignited anes- 
thetic when the igniting agent is external to the 
anesthetic circuit, e.g., cautery, faulty electrical 
apparatus, and flames. 

The actual concentrations of ethylene in the 
atmosphere of operating rooms has been well stud- 
ied by Cheney and Folkman. Based on several 
thousand readings made in 4 hospitals of modern 
construction but without unusual ventilating sys- 


tems, the conclusions of their report are worth 
repeating here (4). 

“a. At distances of 10 feet or more from the pa- 
tient’s head the concentrations were so small as to 
be indeterminable. 

“b. No evidence of accumulation of ethylene 
percentages in any part of the operating room was 
found after the longest period of continuous anes- 
thesia (with the partial rebreathing method of 
administration). 

“c, Electric switches on the walls of the operat- 
ing room were shown to be entirely harmless inas- 
much as the maximum ethylene concentration at 
these points was less than o.1 per cent. 

“‘d. The only points where explosive concentra- 
tions of ethylene occurred were in the immediate 
vicinity of the face mask. The ‘dangerous area’ 
extended to 1 foot above the face mask and 2 feet 
to the particular side of the mask toward which 
the expiratory vent pointed. Immediately to the 
side of the mask but on the side opposite that to- 
ward which the vent was directed the ethylene 
concentration was less than 1 per cent. 

“e. With the vent of the exhalation valve pointed 
to the side, no concentration above the chest of 
the patient was found higher than o.2 per cent in 
those cases in which the anesthetist used a cloth 
shield between the field of operation and the pa- 
tient’s head. These percentages were also reduced 
when the anesthetist used rebreathing. 

“f. With the use of a cloth shield, proper adjust- 
ment of the exhaling vent and the technique em- 
ployed by the anesthetist during these tests, it 
would appear that the cautery could be used in 
the abdomen with entire safety.” (The technique 
used in these tests included a tightly fitting mask, 
exhalation vent directed to the side and not 
straight up, and, most important, a large percent- 
age of rebreathing.) 

Since the time of these studies (1930) the method 
of complete rebreathing has become standard 
practice. With this method the atmosphere of the 
operating room is more likely to be free of an ex- 
plosive concentration of ethylene or any other 
anesthetic, even in the region close to the mask. 
But sudden, unexpected breaks in the closed cir- 
cuit because of vomiting, the need to use suction 
or to insert an airway, preclude the possible use of 
the cautery or a flame near the head, neck, shoul- 
ders and chest, even with a perfectly closed circuit 
(a theoretical assumption that is frequently not 
attained in clinical practice). 

4. Exact information on the combustibility of 
the expirations of a patient under anesthesia and 
the duration of its inflammable status is needed to 
enable the anesthetist to know when the surgeon 
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may safely apply the cautery in the region of the 
head after an inflammable anesthetic mixture has 
been administered. This situation, expected or 
unexpected, is frequently encountered. Many 
case reports testify to the incorrect answer to the 
question and record the consequent death of the 
patient. 

The duration of the period in which an etherized 
patient exhales an inflammable concentration af- 
ter the administration of ether has ceased depends 
on the minute-volume of respirations and the de- 
gree of saturation of the patient with ether. The 
expired breath of a patient in third stage anesthe- 
sia immediately after the end of administration of 
ether-air, ether-oxygen or ether-nitrous oxide- 
oxygen is probably combustible. This may be in- 
ferred from the data of anesthetic concentrations 
compared with the figures for explosive concen- 
trations; for the concentration of ether for the in- 
duction and maintenance of anesthesia is at least 
2.5 per cent, more often 3.5-4.5 per cent (1); and 
the lower limit of inflammability of ether in air is 
1.85 and of ether in oxygen is 2.10 (21). Further- 
more, as long as the patient remains in full surgi- 
cal anesthesia we might expect to find an inflam- 
mable percentage of ether in the breath. This 
deduction is based on the data quoted by Beecher 
from the research work on dogs by Haggard and 
Robbins (1). They have shown that surgical ether 
anesthesia is induced and maintained with 3.7-4.5 
per cent ether in the respired air; that this pro- 
duces a blood ether concentration of 100-120 mil- 
ligrams per 100 cubic centimeters of blood; and 
that light (first plane) surgical anesthesia corre- 
sponds with an arterial blood ether content of 115 
milligrams per 100 cubic centimeters (1). 

These inferences are contradicted (a) by the 
statement of Hewer that ‘the exhalations of an 
etherized patient are probably never inflammable 
or explosive” (19); and by (b) the report of Hasler 
(17) that samples of air taken at a distance of 2 
inches from an open mask, after an operation had 
been in progress for an hour and to ounces of 
ether had been used, were noncombustible; and 
(c) by the work of Featherstone and Morgan 
(9, 27) who were unable to ignite, by spark or 
flame (1) specimens of expired air and ether col- 
lected immediately after the withdrawal of a 
heavily impregnated ether mask, (2) collected ex- 
pirations during deep ether anesthesia, or (3) a 
mixture exhaled immediately after a deep inspira- 
tion of a strong ether-air mixture. 

Despite these negative and reassuring reports, 
we must take a skeptical attitude because in addi- 
tion to the danger theoretically inferred from ex- 
plosive and anesthetic concentrations, we possess 
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case reports which testify to the reality of the 
danger. Even Featherstone is not sure of the 
safety of his findings as indicated by his advice 
that the patient under ether should be allowed to 
take a dozen breaths of fresh air after the adminis- 
tration of ether has ceased (9). We feel, however, 
that such a practice is too unreliable (because the 
rate of exhalation of ether may be very variable) 
on which to depend for an act so hazardous as 
applying a cautery in or near the head of a patient 
who has had ether. 

To resolve the inevitable doubt at a time when 
it is urgent and important to know positively 
whether or not the expirations of a patient are 
inflammable, we recommend the simple method 
suggested by Flagg (10). He has advised the 
withdrawal of a sample of the expired pharyngeal 
air by means of a bulb syringe and the testing of 
the inflammability of its contents in an adjoining 
room by emptying the syringe across an alcohol 
lamp flame. An inflammable mixture changes the 
color of the flame by taking fire; an explosive mix- 
ture harmlessly “pops.” In place of the 2 inch 
rubber bulb fitted with the glass top of an eye 
dropper which Flagg has used, we prefer, as safer 
and simpler, an all-rubber ear syringe of the same 
size. There is no possibility then of shattering 
glass or of the glass tip slipping out of the bulb 
handle. This test is simple, safe, and positive in 
its results. If the test, which we shall hereafter 
refer to as the Flagg test, is negative then “the 
field is absolutely safe for cauterization at that 
time” (r10). 

An important fact, related to the safety of using 
a cautery near the head of an etherized patient, is 
that the stomach may contain an inflammable 
concentration of the anesthetic swallowed during 
induction. This is much more likely with ethylene 
and cyclopropane than with ether (which is ad- 
ministered in concentrations not much above the 
minimal limit). The stomach bubble of combus- 
tible gases may be regurgitated during the period 
when the patient is breathing fresh air and is as- 
cending from surgical anesthesia. At this critical 
moment the cautery might be applied in or near 
the head of the patient. Thus there might occur 
an explosion under conditions considered safe be- 
cause the patient had been allowed to take a dozen 
breaths of fresh air and the Flagg test had been 
found negative only a few seconds or a minute 
before. Therefore, if an igniting agent such as a 
cautery or hot metal dental syringe must be used 
in the upper respiratory tract after the patient has 
received a combustible anesthetic, it is necessary 
to deflate the stomach by intubation before secur- 
ing a negative Flagg test. 
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The respiratory tract a of patient in third stage 
anesthesia under ethylene-oxygen probably does 
not contain an explosive mixture because the con- 
centration of ethylene is in the range of 85 to 90 
per cent whereas the upper limit of explosive con- 
centrations of ethylene in oxygen is 79.9 per cent 
(21). Within a few breaths of air or oxygen, how- 
ever, the explosive range is reached. The exhala- 
tions of a patient under cyclopropane oxygen are 
always inflammable, just as is true of ether, be- 
cause the anesthesia concentrations are always in 
the inflammable range. As to how long the respir- 
atory tract contains an inflammable mixture after 
the cessation of administration of ethylene or 
cyclopropane, there are no definite data; but one 
should apply all the precautions advised here for 
ether; namely, the breathing of fresh air, the use 
of the Flagg test, and intubation of the stomach. 

The preceding discussion of facts, which might 
be of value when the cautery is to be used in or 
near the head of a patient who has received a com- 
bustible anesthetic, should not be interpreted to 
mean that we believe this to be good practice. 
When any igniting agent is to be employed in 
such a dangerous location, it is far safer, and it is 
our invariable rule, to use a noncombustible anes- 
thetic technique. But there have been and will be 
many instances when, after an inflammable anes- 
thetic has been given, the surgeon is suddenly and 
unexpectedly required to use a cautery, fulgura- 
tion, coagulation, etc. In such circumstances, the 
information which is given here will prove to be 
invaluable. 


CLINICAL DATA 


Most writers flatly object to any use of the cau- 
tery in the presence of combustible anesthetics. 
Others have employed the cautery with only few 
precautions. For example, Horsley (20) has re- 
ported using the cautery in 41 of his first 116 anes- 
thesias with ethylene-oxygen with only partial 
rebreathing without any trouble “although care is 
always taken to increase the operating room ven- 
tilation temporarily while the cautery is being 
used and the cautery is never used near the mask 
nor in operations on the head or neck.” Yandell 
Henderson (18) has stated “ the use of the cautery 
in the abdomen (with ethylene and partial re- 
breathing) is safe only when a screen or curtain is 
placed between it and the patient’s face.’ Per- 
sonal communications from many surgeons of 
long experience have described the long and un- 
eventful use of ether by open drop or partial re- 
breathing administration during cauterization in 
the abdomen, pelvis, and perineum. It is to be 
expected that those who practice or allow the 


practice of anesthesia with carelessness, or who 
are ignorant of its hazards are not likely to sub- 
mit reports to the literature or scientific societies; 
and therefore, just those in greatest need of criti- 
cism and correction avoid them. 

On one point all authorities are agreed: ‘‘ Under 
no circumstances can any cautery or other spark 
producing equipment be used around the head of 
the patient or the pleural cavity, when the patient 
has been anesthetized with any inflammable anes- 
thetic. To do so is criminal negligence” (29). 
Despite this unanimity of opinion, we have been 
able to find in at least 26 of the 55 cases of com- 
bustion reported in this paper due to the cautery 
and flame that the igniting agent was used under 
conditions which would be considered today to be 
“criminally negligent.” 

Many authorities realize that it is not practi- 
cable to prohibit any and all use of the cautery in 
the presence of a combustible anesthetic (27, 30). 
A large number of leading anesthetists have ad- 
mitted using cyclopropane, ethylene, or ether by 
closed circuit administration during the applica- 
tion of a cautery in abdominal operative proce- 
dures (5). 

It is imperative that we formulate what we con- 
sider a safe and practicable set of principles gov- 
erning the use of the cautery in the operating 
room. After a study of the physical and chemical 
data, the published and unpublished reports of 
others and as a result of his own experiences, ob- 
servations, and discussions with leading anesthe- 
tists, the writer has formed the following opinion: 

1. The anesthetist should specifically inquire 
before the start of the anesthesia as to the possible 
use of the cautery. 

2. If the cautery must be used on or in the 
head, neck, shoulder, chest, respiratory passages 
or pleural cavity, the anesthetic must be of a non- 
combustible type (e.g., regional block, nitrous 
oxide, intravenous barbiturate or rectal basal 
anesthesia or combinations of two or more of 
these). The use of chloroform is to be avoided 
because it is decomposed by heat to form irritat- 
ing fumes (30). 

3. If the cautery must be used in the abdomen, 
pelvis, perineum, lumbar back, lower extremities 
or distal parts of the upper extremities, the anes- 
thetic of choice should be of a noncombustible 
type, provided it is as safe, from all other view- 
points, for the patient as would be the combus- 
tible inhalation anesthetic that would have been 
chosen had the surgeon not used the cautery. 

4. If the cautery must be used in those regions 
listed in paragraph 3 and a combustible anesthetic 
must be administered (because of the condition of 
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the patient, the type of surgery, or the limited 
experience and ability of the available anesthe- 
tist), then the following conditions should exist 
before the cautery is switched on: 

a. A meticulously closed circuit method of ad- 
ministration should have been in use during the 
prior 10 minutes, an arbitrary but clinically deter- 
mined safe period (13). 

b. The combustible anesthetic of choice, if 
combustible it must be, is ether-air by closed cir- 
cuit administration because of its smaller tend- 
ency toward propagation and smaller range of 
explosibility as compared with ether, ethylene, or 
cyclopropane mixtures with high concentrations 
of oxygen or nitrous oxide. Cyclopropane, eth- 
ylene and ether with oxygen are permissible, 
however. 

c. The ventilation should have been arranged 
to increase the dispersion of anesthetic gases and 
vapors previously allowed into the atmosphere. 
Tue direction of ventilation should be away from 
the cautery and toward the patient’s head. 

d. The patient should be securely set in third 
stage anesthesia (deep first plane or deeper) to be 
certain that no vomiting occurs to break the closed 
circuit during the period of cauterization. 

e. No part of the cautery, its wires, switch, or 
rheostat should be near the anesthetic apparatus. 

f. A draped screen should be placed so that it 
will intervene between the head of the patient and 
the field of operation. 

g. If doubt exists as to the freedom of the room 
from inflammable concentrations of anesthetics 
released into the air before the circuit of anes- 
thetic administration is closed, then a “Flagg 
test”’ should be applied to the possible points of 
contact of the cautery apparatus with atmosphere. 

5. If the cautery is to be used on or in a hollow 
viscus in the abdomen, such as the bladder or 
stomach, in addition to the precautions listed in 
paragraph 4, we advise, when ethylene, cyclopro- 
pane or acetylene is used, that one take pains to 
empty the viscus of its gaseous content just before 
the cautery is applied (13). 

6. If the cautery is unexpectedly required in a 
case which has been inhaling a combustible anes- 
thetic, the necessary precautions before the cau- 
tery is permitted are: 

a. If the field of operation is on or in the head, 
neck, chest, or respiratory tract, the anesthetic 
should be changed to another but noncombustible 
type while the respiratory tract is ventilated with 
air and the stomach is emptied until the Flagg 
test is negative both at the field of operation and 
the atmosphere adjoining the cautery apparatus 
at any of its parts. 
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TABLE IIl.—-SUMMARY OF 55 CASES 



































































































































Cautery or flame | Cautery or flame 
used near head, used in abdomen 
' neck, chest, etc. or elsewhere 
Total | 
Agent no. of a | 
cases + Z Pe ee 3 t 
Sei 3] ise 2] € 
68 8 BS 33) $ B-4 
2°} & | € |z5) 4] & 
Ether-air | 12 3 | 2 | 2 | 2 ° ° 
Ether-Oz (with or 17 | 7 | 4 5 5 2 
without nitrous | 
oxide | | 
Ether-air or O2 6§ | | 
Ethylene | 9 | 6 | 5 4 |2 | o 3 
Ether or ethylene or s ig I | 
both | } 
Ethy] chloride ; | 2. 2 
Acetylene | 3 } | i} 2] 0 2 
Cyclopropane |} 2§ | | 
Alcohol i 1 | o oe - I 





*The cases counted in this group are only those in which the presence 
or absence of injury is known. 

{The total number of persons injured or killed is stated; in some in- 
stances more than one person was injured. In no case was more than one 
person killed. 

§One patient died—classification not possible for want of details of 
explosion. 


b. If the field of operation is on or in the abdo- 
men, pelvis, perineum, lumbar back, and extremi- 
ties, the anesthetic may be continued with a 
closed circuit administration together with the 
precautions advised in paragraph 4 or the anes- 
thetic may be changed to a noncombustible type 
with the precautions which are advised in para- 
graph 6a. 

In the event of the situations described in 
either paragraphs 6a or 6b, proper ventilation 
away from the cautery and toward the head of the 
patient should be arranged. 

We realize that these rules of conduct appear 
complicated; but they really are not any more than 
a detailed description and summation of modern 
anesthetic procedure as practiced by many lead- 
ing anesthesiologists, and required of all who wish 
to avoid any of the accidents known to have 
occurred. 

This description is an elaboration of the knowl- 
edge which Guedel assumes when he states the 
factors determining the use of the cautery in the 
presence of an inflammable agent as “apprecia- 
tion of the weight of the vapor, the distance of 
this from the cautery, the amount of vapor freed 
into the room and the direction of air currents.” 
The only unusual precaution we have added is 
the Flagg test which should be more widely and 
frequently employed to substitute proof of safety 
for guesswork. Of course, the simplest and ideal 
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precaution against explosions is to avoid all combus- 
tible anesthetics when the cautery or flame must be 
used in the operating room. The more experienced 
and versatile the anesthetist the more often is the 
ideal precaution practiced. But we must remem- 
ber that many circumstances associated with the 
surgeon, patient, or anesthetist prevent the use of 
a noncombustible anesthetic everywhere and every 
time a cautery is employed. 


CASE REPORTS 


We possess the records of 55 cases of anesthetic! 
ignition by a cautery, flame, or similar hot object 
(Table II). These include all that were obtained 
by circularizing the members of the American 
Society of Anesthetists and by intensive search- 
ing of the literature. They are only a small frac- 
tion of the total number of such accidents of 
which the very great majority have remained un- 
told for fear of criticism or litigation. 


SUMMARY AND CONCLUSIONS 


1. In this paper, the second of a series of re- 
ports on anesthetic combustion hazards, we have 
presented the physical, chemical and clinical data 
required for an adequate understanding of the 
dangers and the safeguards associated with the 
presence of a cautery or flame in the operating 
room. 

2. Fifty-five anesthetic (and related) fires and 
explosions ignited by a cautery or flame have been 
collected. These are all the cases we could find 
after a survey of the literature and extensive ques- 
tioning of members of The American Society of 
Anesthetists, Inc. 

3. In at least 26 cases, the cautery or flame was 
present in or near the head, neck, chest, and re- 
spiratory tract of the patient and in all of the 
other cases the cautery or flame was incorrectly 
or inadequately protected from contact with a 
combustible agent. 

4. In no instance was there a really closed cir- 
cuit of administration although in several in- 
stances there were attempts to secure complete 
rebreathing for cauterization about the head, and 
the anesthetists involved believed the circuits to 
be tightly closed. 

5. Tabulation of the 55 cases presented in this 
report clearly shows the truth of the following 
statements: 

a. Explosions and fires of a/l combustible anes- 
thetic agents and mixtures are capable of causing 
death. 


1We have just learned of 2 more cases, never reported before, in which 
the patients were seriously burned as a result of anesthetic combustions 
caused by a cautery used during an ethyl chloride spray and a nitrous 


oxide oxygen ether anesthesia for neck carbuncles. 
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b. Explosions of ether-air mixtures are capable 
of causing death. 

c. Ether-air mixtures have a relatively small 
tendency toward propagating a wave of flame or 
pressure into and down the respiratory tract. 

d. Ether-oxygen, with or without nitrous oxide, 
has the same great tendency toward propagating a 
wave of flame or pressure through the respiratory 
tract as has ethylene-oxygen and cyclopropane- 
oxygen when compared under similar clinical cir- 
cumstances, i.e., the location of the point of igni- 
tion with reference to the respiratory tract of the 
patient. 

e. In no case of which we have satisfactory 
knowledge has anyone been killed when the cau- 
tery or flame was present outside of a 12 inch zone 
surrounding the upper respiratory tract. This is 
just as true of ethylene as it is of ether. The large 
admixture of air (79 per cent nitrogen) which is 
inevitable when the inhalant anesthetic is ignited 
at a distance of 12 inches or more markedly dimin- 
ishes the great explosive force and propagation 
tendency of combustible mixtures containing high 
oxygen percentages. 

f. All deaths—and all were patients—have been 
the result of a flame or cautery employed within a 
12-inch danger zone surrounding the upper respir- 
atory tract. 

6. The Flagg test for the determination of the 
combustible nature of the atmosphere over or in 
a proposed field of use of the cautery has been de- 
scribed and recommended. 

7. Aset of rules for the use of the cautery in re- 
lation to combustible anesthetics has been out- 
lined and proposed for the standardization of safe 
practice. 

8. If the cautery must be used in or near the 
head, neck, shoulders, chest, and proximal parts 
of the upper extremities, the anesthetic agent 
must be noncombustible. 

g. If the cautery must be used in other parts of 
the body or operating room the anesthetic agent 
of choice should be noncombustible. If it must be 
combustible then the safeguards described should 
be followed to the smallest detail. 

10. The cause of anesthetic explosions and 
fires when ignited by a cautery: or flame is ignor- 
ance or carelessness. The prevention depends en- 
tirely on education and the elevation of the stand- 
ards of anesthetic training and practice. 


REFERENCES 
1. BreecHer, H. K. The Physiology of Anesthesia. Pp. 
144-146. New York: Oxford University Press, 1938. 
2. Bisnop, H. E. Mod. Hosp., 1932, 39: 39. 
3. BLoomrieLp, J. Proc. Roy. Soc. Med., 1925-1926, 19: 
44. 














Pp. 
1935. 


, 19: 











GREENE: HAZARDS OF FIRE AND EXPLOSION OF ANESTHETIC AGENTS 265 


8. 
9. 
10. 
rr. 
12. 
13- 


CHENEY, M. B., and Fotkman, M. L. 
1930, 9: II-I3. 
Committee on Anesthetic Fires and Explosions. Re- 
port. Proc. Am. Soc. Anes., Oct. 20, 1938, p. 28. 
Davis, C. H. J. Am. M. Ass., 1924, 82: 1607. 
Dixon, H. B. Brit. J. Anaes., 1925-1926, 3: 206. 
Idem. Quoted by Hadfield, discussion of Morgan (27). 
FEATHERSTONE, H. W. Discussion of Morgan (27). 
Fxacc, P. J. Arch. Otol., 1937, 25: 83-84. 
GREENE, B. A. Am. J. Roentgenol., 1941, 40: 737. 
GrirritH, H. R. Anes. & Anal., 1931, 10: 281. 
GUEDEL, A. Inhalation Anesthesia. New York: 
Macmillan Co., 1937. 


Anes. & Anal., 


14. GuTHRIE, D. Surg., Gynec. & Obst., 1926, 43: 703. 


GuTHRiE, D., and WoopHouse, K. W. 
Ass., 1940, 114: 1848. 

HapFIELp, C. Discussion of Moysgan (27). 

HASLER, J. K. Practitioner, 1938, 140: 270-276. 

HENDERSON, Y. J. Am. M. Ass., 1930, 94: 1491. 

Hewer, C. H. Advances in Anesthesia and Analge- 
sia. Philadelphia: B. Blakiston’s Son & Co., 1937. 


J. Am. M. 


20. 
21. 
22. 
23. 
24. 


25- 


26. 
27. 


20. 


Hors .ey, J.S., Jk. Virginia M. Month., 1924, 50: 822. 
Jones, G. W. Proc. Am. Soc. Anes., Oct. 20, 1938. 
Idem. Quoted by Robbins, B. H. (31). 

LuckHArRDT, A. B. J. Am. M. Ass., 1924, 82: 1603. 
Lunpy, J. S. Personal communication. 

McCaroptrE, W. J. Proc. Roy. Soc. Med., 1921, 14: 34- 


35- 
McCartay, K. C. Personal communication. 
Morcav, J. D. Proc. Roy. Soc. Med., 1931-1932, 25: 
Part 1, 123. 
National Board of Fire Underwriters. Recommended 
Safeguards. New York, 1929. 
Parties, V. B. Mod. Hosp., 1936, 46: 81-88. 
Pinson, K. B. Brit. M. J., 1930, 2: 312. 
Rossins, B. H. Cyclopropane Anesthesia. 
more: Williams & Wilkins Co., 1940. 


Balti- 


. Sise, L. F. N. England J. Med., 1933, 208: 950. 
. Tomas, Krrsy. Discussion of Morgan (27). 
. TURNBULL. Quoted by McCardie (25). 


WitiraMs, H. B. Discussion in Proc. Am. Soc. Anes., 
p. 22, Feb. 9, 1938. 





EDITORIALS 


SURGERY 
Gynecology and Obstetrics 


FRANKLIN H. MARTIN 
Founder and Managing Editor 
1905-1935 








LoyaL Davis, EpIToR 


Associates 


SUMNER L. Kocu MicHaEt L. MASOn 


DonaLp C. BALFour, Associate, Editorial Staff 





FEBRUARY, 1942 





RESECTION FOR CARCINOMA 
OF ESOPHAGUS 


HE progress that has been made in 

the operative treatment of carci- 

noma of the esophagus and of the 
cardiac end of stomach involving esophagus 
represents one of the most rapid and striking 
contributions to surgery in the past four or 
five years. For about thirty years previously 
numerous attempts had been made at resec- 
tion of the esophagus. The percentage of sur- 
vivals following operation, however, was small 
and early recurrence was the rule, although 
the first case to be successfully resected by 
Torek in 1913 was free from recurrences at the 
time of death thirteen years later. In 1938 
Garlock reported three survivals following 
thoracocervical resection and Marshall and 
Adams and the writer reported one case each 
of survival following transthoracic resection 
and esophagogastrostomy. Then began a 
sharp improvement in results, and a veritable 
wave of operating is now sweeping over the 
surgical centers of the country. That the un- 


dertaking is a justifiable one is indicated by 
the reports of the Transactions of the American 
Association for Thoracic Surgery for 1941 and 
of Garlock. 

The advancement has come about as a re- 
sult of better anesthesia, better control of 
intrapulmonary pressure, more liberal use of 
blood transfusion for maintenance of the cir- 
culation and respiration, and better technique 
of esophagogastric anastomosis based partly 
on animal experiments and partly on experi- 
ence in human operations. 

Resection for carcinoma of the upper half 
of the intrathoracic esophagus may be per- 
formed through either the left chest after the 
method of Torek and Garlock or through the 
right chest after ligation of the vena azygos as 
advocated by Wookey. In either case the 
proximal portion of the esophagus is brought 
out through the neck and an esophagostomy 
established as low on the neck or chest as 
possible. If there is sufficient esophagus left 
at the lower end an esophagostomy is per- 
formed by making a short abdominal incision 
just below the xiphoid, passing a dressing 
forceps backward above the left lobe of the 
liver through the esophageal hiatus, grasping 
the pursestring suture of the esophageal 
stump and pulling it through to the surface. 
If inferior esophagostomy is impossible a large 
mushroom catheter gastrostomy may be per- 
formed. Reconstruction of the esophagus by 
a tube of skin from the front of the chest has 
been carried out by Wookey. 

For operable carcinoma situated in the 
lower esophagus, left transthoracic resection 


followed by esophagogastrostomy is usually 
feasible, but, when approximation and anasto- 
mosis cannot be attained, the operation should 
266 











Ss PERRET oe 40 




















EDITORIALS 267 


be carried out as for carcinoma situated at a 
higher level. Carcinoma of the cardiac end of 
the stomach may also be resected through the 
same approach and esophagogastrostomy per- 
formed. The left chest is opened preferably 
through the eighth rib bed, and the lower 
esophagus including the accompanying vagi, 
isolated. The phrenic nerve is pinched, and 
the diaphragm is opened back to the esopha- 
geal hiatus. The lesser curvature of the 
stomach is ligated off down to and including 
the gastric artery, and the greater curvature 
is freed to a variable extent depending on the 
situation of the carcinoma. If it is in the 
esophagus and high enough to permit, the 
esophagus is divided at the cardia and the 
distal end is invaginated; if it extends to the 
cardia the division is made through the adja- 
cent stomach and the distal end turned in. If 
the tumor is primary in the cardiac end of the 
stomach, the greater curvature should be 
ligated off along at least its upper half and the 
spleen removed. The stomach is then tran- 
sected well below the tumor and the distal cut 
end is closed. Anastomosis is then made 
whether after resection of lower esophagus 
only or of upper stomach and lower end of 
esophagus by approximation and suture of end 
of esophagus to side of stomach within the 
chest. The diaphragm is sutured about stom- 
ach and the chest wall is closed tightly with an 
intercostal mushroom catheter inserted for 
suction drainage. 

The writer has had a personal experience 
with nine resections, six primary in the 
esophagus and three primary in the stomach. 
Of the six primary esophageal cases, four pa- 
tients survived the operation and of the three 
primary gastric cases, two patients survived. 
Of the four cases of esophageal resection 
through the thorax and neck, one patient died 
eight days after operation, one is alive after 
seven months, and two died of recurrences ten 


and fourteen months, respectively, after ope- 
ration. Of the five cases—two esophageal 
and three gastric—treated by resection and 
esophago-gastrostomy, one patient, an esopha- 
geal case, is alive and free from signs of re- 
currence three years and five months after 
operation and of two gastric cases both sur- 
vived the operation but have been operated 
on too recently to judge about the likelihood 
of recurrence. One patient with esophageal 
and one with gastric resection died from local 
infection as a result of the operation. 

There is every indication that transthoracic 
resection will soon become the recognized 
form of treatment for carcinoma of the tho- 
racic esophagus and of the cardiac end of the 
stomach and with early diagnosis and early 
operation, the results should equal those ob- 
tained in surgery for carcinoma of many other 
regions of the body. 

DaLLas B. PHEMISTER. 


MYOMECTOMY 


ECAUSE myomectomy is an_inher- 
ently more difficult operation than 
hysterectomy, its performance by any 

but experienced gynecologists is often asso- 
ciated with a higher mortality. As a result, it 
is still generally believed to be the same dan- 
gerous operation which, like hysterectomy, it 
was when it was first introduced. As a further 
result, its present field of usefulness is deliber- 
ately limited, although actually, when com- 
parative series are reported by the same com- 
petent surgeons, the mortality of myomec- 
tomy is no higher and is frequently lower than 
that of hysterectomy. 

To justify its performance, the end-results 
of myomectomy must include anatomical res- 
toration, symptomatic relief, and functional 
cure. To achieve these results, a very careful 
selection of cases is necessary. 
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The single myoma is the ideal type for 
myomectomy, although all types and combi- 
nations of types, including the submucous 
variety, can safely be removed. Although a 
hundred or more tumors have been success- 
fully removed from the same uterus, hys- 
terectomy in such circumstances would usu- 
ally be the operation of choice. Subsequent 
childbearing being one of the prime objects of 
myomectomy, there is small point to the pres- 
ervation of an organ the musculature of which 
is so damaged that pregnancy is unlikely to 
occur in it. Quite aside from the size and 
number of growths they frequently present, 
myomectomy is usually contraindicated in 
negro women because the high incidence of 
associated adnexal disease in this race mili- 
tates against the functional result which is one 
of the aims of the operation. By similar rea- 
soning, the location of myomas in the uterine 
horns is another contraindication to myomec- 
tomy. Pregnancy can occur after the removal 
of one tube and the opposite ovary, or even 
after such ordinarily undesirable procedures 
as bilateral resection of the ovaries, but the 
majority of gynecologists doubt that plastic 
procedures on the resected tube are ever of 
great value. Degenerative changes, being 
usually limited to the tumor itself, are not a 
contraindication. 

The ideal age for the performance of myo- 
mectomy is from 25 to 38 years. Below that 
period fibroids seldom cause symptoms, and 
over it the preservation of function is not of 
great importance. The upper age limit may 
occasionally be exceeded if a single fibroid is 
found in an otherwise healthy pelvis, in the 
course of surgery for other conditions, or if 


the patient insists for some reason upon the 
preservation of the uterus. 

If these various limitations are observed, 
myomectomy will be found applicable to per- 
haps ro or 15 per cent of all the patients with 


uterine fibroids seen in private practice. Pro- 
portions as high as 25 to 50 per cent, which 
have been reported, suggest that the indica- 
tions have been unduly exceeded. For eco- 
nomic or other reasons the operation is seldom 
possible or even desirable in patients seen in 
public institutions. 

Recurrence of the tumors is a possibility in 
a small proportion of cases; 3 per cent is a 
conservative average, though higher percent- 
ages are occasionally reported. Recurrence is 
unlikely after the enucleation of large single 
tumors and most frequent after the removal of 
multiple small “seedling”? tumors, for which, 
except for special reasons, myomectomy is not 
usually a very wise choice. The patient for 
whom myomectomy is proposed should al- 
ways be warned of the possibility of recur- 
rence, but may, with equal fairness, be told 
that it is unlikely. 

Anatomical restoration of the uterus can 
usually be anticipated, the process of involu- 
tion reducing it to normal size and shape 
within 2 or 3 months after operation, even 
when immediately afterward it is large and 
its contour is irregular. Symptomatic relief, 
that is the correction of dysmenorrhea and the 
return of the periods to normal in character, 
frequency, and amount of flow, can be looked 
for within the same length of time in 80 per 
cent or more of all cases. 

Myomectomy should not be undertaken for 
the relief of sterility until the problem has 
been surveyed from every possible angle, and 
the candidate for operation should under- 
stand that no definite promises can be made 
as to results. The reported successes, how- 
ever, run as high as 33.3 per cent when the 
basis of computation is the number of suit- 
able subjects, and when due allowance is made 
for the not inconsiderable number of women 
who frankly do not desire children. Subse- 
quent pregnancies are associated with no 
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higher percentage of malpositions and dys- 
tocias than occur in other pregnancies in the 
same age groups, and cesarean section need be 
performed only on absolute indications, since 
the myomectomy scar is somewhat less liable 
to rupture than the cesarean section scar. 
Attention to certain technical considera- 
tions simplifies the operation and makes it 
more likely to produce the desired results. 
Preliminary curettage should be carried out 
routinely, to remove polyps, identify possible 
submucous fibroids, and rule out possible ma- 
lignant processes. Absolute hemostasis is es- 
sential. It can be secured by a variety of 
simple devices, such as preliminary control of 
the uterine blood supply, and the placing of 
additional sutures half an inch beyond each 
end of each individual incision into the uterus. 


Care should be taken that sutures are not tied’ 


tightly enough to blanche the tissues, which 
would lead to ischemia and sloughing. 
Judgment is required to determine whether 
multiple incisions or the removal of several 
fibroids through a single strategically placed 
incision is the wiser. Incisions on the poste- 
rior uterine wall should be avoided whenever 
possible, and careful peritonealization should 
be carried out if they must be employed. 


There is almost no contraindication to the 
opening of the uterine cavity, even during 
pregnancy, when, if complications should de- 
velop, myomectomy can usually be performed 
without disturbance of the gestation. 

There can be no quarrel with Victor Bon- 
ney’s statement that since cure without de- 
formity or loss of function must ever be sur- 
gery’s highest ideal, myomectomy is a higher 
surgical achievement than hysterectomy. 
Myomectomy is not, however, an operation 
for the inexperienced gynecologist, if for no 
other reason than that there is no standard- 
ized technique for its performance, as there is 
for hysterectomy, and the method of pro- 
cedure therefore depends upon the exigencies 
of the individual case. Naturally, this is no 
contraindication to myomectomy. The pa- 
tient’s indisputable right to the best possible 
treatment for her special trouble should not 
be dependent upon the inability of her gyne- 
cologist to perform a certain operation be- 
cause it is difficult, or his ability to perform 
one operation, particularly one which is mu- 
tilating in its results, better than he can per- 
form another, particularly another operation 
which preserves function. 

HILLIARD EvE MILLER. 
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HE excellent comprehensive book Radiologic 

Physics‘ is an outgrowth from the authors’ ex- 

perience in teaching the radiation courses at 
the University of Pennsylvania. At first glance the 
text appears formidable, but a further study shows 
that the mathematical considerations have been re- 
duced to a minimum and proceed from elementary 
considerations into the more advanced material. 
Basic and fundamental information in theoretical 
and applied electrical engineering and radiation phy- 
sics is treated in a simple, clear, and accurate man- 
ner. The book is divided into two parts. The first 
part consists of a discussion of the theory and prac- 
tice of electrical engineering as applied to radiological 
apparatus. The second part deals with the theory 
and application of x-ray physics to x-ray diagnosis 
and therapy and to y-ray therapy. To aid the reader 
in the mathematical consideration the authors have 
added an appendix which consists of a discussion of 
elementary trigonometry and calculus. This book is 
carefully organized so that it leads the beginner with 
very little knowledge of mathematics or physics to a 
firm foundation in the fundamentals of radiologic 
physics. There has been a real need for a textbook 
covering these phases of radiology. This volume de- 
serves wide distribution and represents the most 
thorough discussion of radiologic physics available. 
It will be of particular interest to radiologists, teacb- 
ers and students of radiology, but should be of inter- 
est to any physician who is interested in the use of 
electromedical equipment. Eart E. Bartu. 


As supervising editor of the Supplement of The 
Practitioner’s Library of Medicine and Surgery’, 
Dr. George Blumer states, “There is probably no 
subject in which change takes place more rapidly 
than it does in medicine. . . . The publishers feel in 
presenting this supplement that it covers important 
new work and brings up to date the entire system.” 

The first chapter on psychosomatic medicine is 
followed by one on neutron rays and artificial radio- 
activity by the recent Nobel Prize winner, John Law- 
rence. Full sections on chemotherapy and the vita- 
mins are discussed in relation to their various forms by 
well known authors. Equine encephalitis, torulus, 
rickettiosis, pneumonia, and pneumonitis are dis- 
cussed, as well as less familiar diseases such as 
Bejel and Letterer-Siwe’s disease. 

Some sections are weak, largely because the sub- 
ject is weak. The sections on therapy are well dis- 

'RaDIOLOGIC Puysics. By Charles Weyl, S. Reid Warren, Jr., and 
Dallett B. O'Neill. With a foreword by Eugene P. Pendergrass, M.D. 
Springfield, Ill., and Baltimore, Md.: Charles C. Thomas, ro4r. 


_ ?THE PRACTITIONER’s LIBRARY OF MEDICINE AND SURGERY, 1940 
Supplement. New York and London: D. Appleton-Century Co., 1941. 
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cussed; serum therapy in pneumonia, the use of 
vitamin K, sex hormones, dental caries, surgical 
relief of pain, surgery of patent ductus arteriosus are 
a few examples. The timely sections on the drug 
treatment of mental states and the chemistry and 
treatment of hypoparathyroidism are sections espe- 
cially well handled. Many young authors are selected 
because of their subject interest. On the whole, I 
think this supplement is very well done. 
M. HERBERT BARKER. 


HE second edition of The Management of Obstet- 

ric Difficulties* by Paul Titus has been enlarged 
by the addition of 75 new illustrations and 82 pages 
of text. The chapter on the causes and treatment of 
sterility is complete, well illustrated, and of much 
practical value. Sulfanilamide and other new medical 
agents are discussed in the treatment of sepsis. 
’ Old and modern classifications of deformed pelves 
are given, and the technique of x-ray pelvimetry by 
the methods of Thoms and Caldwell and Maloy are 
described in detail. The practical viewpoint of the 
author is indicated by his recognition of the neces- 
sity of considering the size of the fetal head in the 
problem of the diagnosis of cephalopelvic dispropor- 
tion. Apparently, however, he is not familiar with 
the usefulness and wide application of the simple 
method of measuring the pelvis with the head. The 
procedures recommended, with which there might 
be disagreement, are few and mostly unimportant. 
In such a practical book, however, the danger of ex- 
traction of the breech before the cervix is dilated, 
following Braxton Hicks’ version, should at least 
have been mentioned if not emphasized. 

The text is well illustrated and includes a number 
of colored plates, one of which is an excellent picture 
of a positive pregnancy test in a rabbit. 

This text is the kind of book to which a doctor can 
turn for good advice on any obstetrical problem. The 
author avoids the discussion of controversial points 
and, on the basis of a generally sound obstetrical 
doctrine, gives the methods he has selected to be 
used in each condition. The man in general practice 
will find the book of much practical use for reference 
in any obstetric difficulty and a valuable addition to 
his library. Davin S. HItus. 


HE popular book Roentgen Interpretation’ by 
Holmes and Ruggles has long since established 
itself as an excellent textbook for undergraduates. 
The fact that this is the sixth edition of this volume 


3THE MANAGEMENT OF OsstETRIC Dirricutties. By Paul Titus, 
M.D. 2ded. St. Louis: The C. V. Mosby Co., ro40. 
4ROENTGEN INTERPRETATION. By George W. Holmes, M.D., and 


Howard E. Ruggles, M.D. 6th ed. Philadelphia: Lea & Febiger, 1941. 
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is a testimonial to its worth. It is unfortunate that 
one of the authors, Dr. Howard Ruggles, whose un- 
timely death occurred on December 29, 1939, could 
not help in the preparation of this sixth edition. 

The general character of the book has not been 
changed nor has any attempt been made to cover the 
entire subject completely. The subject material is 
presented in a concise but adequate manner and 
covers the entire field of roentgen diagnosis. The 
more recent advances in roentgen interpretation have 
been described and illustrated. In many instances 
illustrations have been replaced and new ones have 
been added. The only possible criticism that one 
could make is that the illustrations are in the posi- 
tive rather than in the negative phase. This book is 
recommended without reservation as a text for 
undergraduate students, to postgraduate students in 
radiology, and to the medical practitioner. 

Ear E. BARTH. 


HE third edition of Kolmer and Boerner’s A p- 

proved Laboratory Technic’ is practically the same 
as the second edition except for the addition at the 
end of the book of an appendix of the newer methods 
developed in the last few years. These methods in- 
clude the Donath-Landsteiner test for paroxysmal 
hemoglobinuria; Quick’s method for quantitative 
determination of prothrombin; methods for the 
examination of semen; Sparkman’s methods for uro- 
bilinogen in feces and urine used as a liver function 
test; Quick’s method for hippuric acid in urine for 
liver function; Cherry and Crandall’s method for 
serum lipase for pancreatic disease; a simplified 
Kolmer complement fixation test to be used in labor- 
atories doing large numbers of tests for syphilis; the 
Eagle modification of the Wassermann test; a modi- 
fied Medes method for vitamin C in urine and the 
Farmer and Abt method for plasma; the Bratton and 
Marshall methods for sulfanilamide in blood and 
urine, and sulfathiazole in blood; the bedside method 
of Ratish and Bullowa for sulfapyridine in blood; 
and Barker’s method for thiocyanates in blood. The 
only changes in the main portion of the text from the 
last edition are the correction of errors and the addi- 
tion of two tables: one, on page 314, is by Merritt 
and Fremont-Smith comparing normal cerebrospinal 
fluid with blood plasma; the other, on page 370, tab- 
ulates the color changes of the indicators of Clark, 
Lubs, and Cohen. 

In most instances only one method is enumerated 
for each test, on the whole these are adequate. A uni- 
form method of presentation of each test is conformed 
to throughout the book. The principle of the test is 
stated first, then the technique is given in outline 
form making it easy to follow. A praiseworthy fea- 
ture in many of the procedures is the statement of 
the sources of error. A large number of the methods 
have a brief discussion of the interpretation or sig- 

‘APPROVED LABORATORY TECHNIC; CLINICAL PATHOLOGICAL, BAc- 
TERIOLOGICAL, MYCOLOGICAL, PARASITOLOGICAL, SEROLOGICAL, B1o- 
CHEMICAL AND Histo.ocicaL. By John A. Kolmer, M.S., M.D., Dr. 


P.H., Sc.D., LL.D., L.H.D., F.A.C.P., and Fred Boerner, V.M.D. 3d 
ed. New York: D. Appleton-Century Co., Inc., 1941. 
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nificance of the results of the test. However, this is 
not adequate to make this volume valuable as a 
textbook for medical students. 

The authors have been assisted by 28 collaborators, 
all of whom are outstanding in their particular field. 

This excellent volume on laboratory technique has 
been brought up to date by the addition of all the 
important new tests. It excels particularly in the two 
sections devoted to bacteriological, mycological and 
parasitological methods and serological methods. 
These two sections comprise 372 of the 870 pages. 
There are 380 figures in black and white and 12 col- 
ored plates. Fifty pages of index make reference 
easy. As a laboratory guide and reference book, it 
should be available to every clinical pathologist and 
laboratory technician. Opa HEPLER. 


INCE there is no preface or foreword to Fractures 
by George Perkins”, it is difficult to estimate the 
scope of the author’s purpose. This book is a com- 
paratively small one of 381 pages with a brief and 
perhaps inadequate index. It is written in a crisp, 
staccato style, and is almost outline in form. The 
illustrations are for the most part stippled line draw- 
ings, giving an elementary appearance far too dia- 
grammatic to be useful to the student, as they in no 
way depict the contiguous soft parts which so often 
play a leading réle in the management of fractures. 
In many instances there are incomplete pages and 
the work as a whole cannot be taken as a good exam- 
ple of the bookmaker’s art. It is entirely possible 
that this is due to the conditions under which it was 
published in London, 1940. 

This book cannot be recommended for either stu- 
dent or practitioner as a textbook on fractures. It is 
essentially a handbook and will answer in a cursory 
way most fracture problems. Reading the book is 
analogous to attending a concentrated refresher 
course in fractures, and, as such, it may prove a 
useful adjunct to libraries of practitioners who may 
not have the time or facilities to go more deeply into 
a given subject in this field. J. K. Strack. 


HE book by Griffith and Mitchell, The Diseases 

of Infants and Children has been revised and pub- 
lished under the title, Textbook of Pediatrics.3 The 
authors have condensed and attempted to simplify 
the book so as to be more valuable for student use. 
The revised book is a compilation of the knowledge 
of over 60 authorities in various fields. However, in 
order to retain uniformity throughout the book, the 
authors have written the entire work, holding closely 
to their plan of condensation and readability. 

Under the section on growth and development it 
is good to note that a knowledge of normal variations 
is stressed. This is especially valuable in pediatrics, 
a field in which preventive medicine is predominantly 
practiced. 

2FrRacTURES. By George Perkins, M.C., M.Ch. (Oxon.), F.R.C.S. 
London and New York: Oxford University Press, ro4o. 
'TEXTBOOK OF PepraTRics. By J. P. Crozer Griffith, M.D., Ph.D., 


and A. Graeme Mitchell, M.D. 3d ed. Philadelphia and London: 
W. B. Saunders Co., 1941. 
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Many of the changes and reorganization in this 
book were necessitated by recent and newer knowl- 
edge. For example, the chapter on vitamins is briefly 
summarized and brought up to date. The chapter on 
endocrinology has been modernized. The discussion 
of the thymus gland is shortened and made more 
clear and concise. The same change has been made 
in the discussion of the adrenal gland. The section on 
treatment gives a brief but usable dissertation on the 
new drugs and their uses. 

Several new chapters have been added. There is a 
section on pediatric institutions and organizations. 
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This chapter is short and may give the student and 
beginner an insight into hospital organization. If 
so, it has served its purpose. 

Following the section on physical growth and 
development is a new chapter on mental and emo 
tional development. This section correlates the men- 
tal and emotional development with the physical and 
environmental factors. 

It can be said without reservation that the authors 
in this instance have far surpassed their former 
efforts in forming a ‘“‘Textbook of Pediatrics.” 

L. Martin Harpy. 


BOOKS RECEIVED 


Books received are acknowledged in this department, 
and such acknowledgment must be regarded as a suflicient 
return for the courtesy of the sender. Selections will be 
made for review in the interests of our readers and as 
space permits. 

Asout OurRSELVES; A SurvEY OF HuMAN NATURE 
FROM THE ZOOLOGICAL VIEWPOINT. By James G. Need- 
ham. Lancaster, Pennsylvania: The Jaques Cattell Press, 
1941. 

EPILEPSY AND CEREBRAL LOCALIZATION; A STUDY OF THE 
MECHANISM, TREATMENT AND PREVENTION OF EPILEPTIC 
SeizurEs. By Wilder Penfield, Litt.B., M.D. (Johns 
Hopkins), D.Sc. (Oxon., Princeton), and Theodore C. 
Erickson, M.A., M.Sc., M_D. (Minnesota), Ph.D. (McGill). 
Springfield, Illinois, and Baltimore, Maryland: Charles C. 
Thomas, 1941. 

PuysicAL MEDICINE; THE EMPLOYMENT OF PHYSICAL 
AGENTS FOR DIAGNOSIS AND THERAPY. By Frank H. 
Krusen, M.D., F.A.C.P. Philadelphia and London: W. B. 
Saunders Co., 1941. 

Symptoms In Duacnosis. By Jonathan Campbell 
Meakins, M.D., LL.D. Boston: Little, Brown and Co., 
1941. 

Tae Microse’s CHALLENGE. By Frederick Eberson, 
Ph.D., M.D. Lancaster, Pennsylvania: The Jaques Cattell 
Press, 1941. 

THe MopERN TREATMENT OF SYPHILIS. 
Earle Moore, M.D. 2d ed. Springfield, Ill, 
more, Md.: Charles C. Thomas, 1941. 

PREECLAMPTIC AND ECLAMPTIC TOXEMIA OF PREGNANCY. 
By Lewis Dexter, A.B., M.D., and Soma Weiss, A.B., 
M.D. Boston: Little, Brown and Co., 1941. 

Tue Autonomic NERVOUS SysTEM: ANATOMY, PaysI- 
OLOGY, AND SURGICAL APPLICATION. By James C. White, 
M.D., and Reginald H. Smithwick, M.D. 2d ed. New 
York: The Macmillan Co., 1941. 

DIsEASES OF WomeN. By Harry Sturgeon Crossen, 
M.D., F.A.C.S., and Robert James Crossen, A.B., M.D. 
goth ed. St. Louis: The C. V. Mosby Co., 1941. 

ROENTGEN DIAGNOSIS OF THE EXTREMITIES AND SPINE. 
By Albert B. Ferguson, M.D. ANNALS OF ROENTGENOL- 
ocy, Vol. 17. New York: Paul B. Hoeber, Inc., 1941. 

GYNECOLOGY AND FEMALE ENDOCRINOLOGY. By Emil 
Novak, A.B., M.D., D.Sc. (Hon. Dublin), F.A.C.S. Bos- 
ton: Little, Brown & Co., 1941. 


By Joseph 
and Balti- 


GYNAECOLOGICAL OPERATIONS. By J. Lyle Cameron, 
M.D., F.R.C.S. (Eng.), F.A.C.S., M.R.C.O.G. London: 
Humphrey Milford (Oxford Univ ersity Press), 1941. 


SUBACUTE BACTERIAL ENpDOcARDITIS. By Emanuel 
Libman, M.D., and Charles K. Friedberg. London, New 
York and Toronto: Oxford University Press, 1941. 

WoRKMEN’S COMPENSATION AND THE PHYSICIAN; A 
MANUAL FOR THE USE OF GENERAL PRACTITIONERS AND 
INSURANCE CARRIERS. By Henry H. Jordan, M.D. 
London, New York: Oxford University Press, 1941. 

PERINEOPELVIC ANATOMY; FROM THE PROCTOLOGIST’S 
Viewpoint. By R. V. Gorsch, A.B., M.D., New York: 
The Tilghman Co., 1941. 

BLoop DISORDERS IN CHILDREN. By I. Newton Kugel- 
mass, M.D., Ph.D., Sc.D. Spéc. London, New York and 
Toronto: Oxford University Press, 1941. 

A HANpDBOOK OF MipwirEerRy; For Pupit-Mipwives, 


MIDWIVES, AND OpsTETRIC DRESSERS. By Sir Comyns 
Berkeley, M.A., M.C., M.D., Cantab., F.R.C.P. Lond. 
F.R.C.S. Eng., M.M.S.A. (Hon.), F.R.C.O.G. 11th ed 
London, Toronto, Melbourne and Sydney: Cassell & Co., 
Ltd., 1941. 

SYNOPSIS OF GENITOURINARY Diseases. By Austin I. 
Dodson, M.D., F.A.C.S. 3rd ed. St. Louis: The C. V. 


Mosby Co., 1941. 

THE TOXEMIAS OF PREGN ANcY. By William J. Dieck- 
mann, M.D. St. Louis: The C. V. Mosby Co., 1941. 

SURGICAL PRACTICE OF THE LAHEY CLINIC, Boston, 
Massacuusetts. Philadelphia and London: W. B. Saunders 
Co., 1941. 

DraGnostic ROENTGENOLOGY. Edited by Ross Golden. 
1941 Renewal Pages. Vols. land II. New York and Edin- 
burgh: Thomas Nelson and Sons, 1941. 

Our Sex Lire; A GuIpE and COUNSELLOR FOR EVERY- 
one. By Fritz Kahn, M.D. 2nd rev. ed. New York: Alfred 
A. Knopf, 1942. 

THE 1941 YEAR Book OF PATHOLOGY AND IMMUNOLOGY. 


PATHOLOGY edited by Howard T. Karsner, M.D.; Im- 
MUNOLOGY edited by Sanford B. Hooker, A.M., M.D. 
Chicago: The Year Book Publishers, Inc., 1941. 


SURGERY OF MODERN WarRFARE. Edited by Hamilton 
Bailey, F.R.C.S. Vol. 2. Baltimore: The Williams and 
Wilkins Co., 1941. 

THE 1941 YEAR BOOK OF INDUSTRIAL AND ORTHOPEDIC 
SuRGERY. Edited by Charles F. Painter, M.D. Chicago: 
The Year Book Publishers, Inc., 1941. 

ENDOTRACHEAL ANAESTHESIA. By Noel A. Gillespie, 
D.M., B.Ch., M.A. (Oxon.), D.A. (R.C.S. Eng.). Madison, 
Wisconsin: The University of Wisconsin Press, 1941. 

THE Doctors Mayo. By Helen Clapesattle. Minne- 
apolis: The University of Minnesota Press, 1941. 





























Unda 


PRESIDENT 1941-1942 








he 
ar 
ar 
pe 
hi 


ot 
of 


by 
be 


or 
m 
in 
m 
to 
tr 


br 
fu 
he 
Wl 
sa 


the 
Bo: 














SURGERY 


GYNECOLOGY AND OBSTETRICS 
An International Magazine, Published Monthly 





VOLUME 74 


FEBRUARY I6, 1942 


NUMBER 2A 





AMERICAN SURGERY IN A CHANGING WORLD 


EVARTS A. GRAHAM, M.D., F.A.C.S., St. Louis, Missouri 


N the slow, painful progress of human cul- 
ture and advancement there have been 
frequent interludes in which this move- 
ment has been stopped temporarily by 

the catastrophe of war. For a thousand years, 
however, no threat of an extinction of culture 
and of the finer qualities of our civilization has 
arisen equal to that which exists now in the ap- 
palling possibility of a victory of Hitler and of 
his Nazi barbarians. It seems fitting, therefore, 
that at the meeting this year of this great body 
of surgeons we should consider soberly some 
of the consequences upon our profession which 
the war may have, particularly in order that 
by thinking of them now we may perhaps be 
better prepared to prevent their occurrence. 

It is almost incredible that the Germany of 
only fifty years ago in which there originated 
much of the groundwork of modern science, 
including many of the important develop- 
ments of surgery, should have degenerated in- 
to its present position of practical denial of the 
true values of intellectual enterprise. 

The Nazi philosophy of the supremacy of 
brute force can hardly be reconciled with the 
fundamental ethical principle of attempting to 
help the weak and the underprivileged patient 
which has always been the basis, and, may I 
say the glory, of medical practice at least 


Presidential address of the retiring president, presented before 
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during the Christian era. Shirer,' in his Berlin 
Diary states that on May 6, 1940, Bernhard 
Rust, Nazi minister of education, said in a 
radio broadcast, “‘God created the world as a 
place for work and battle. Whoever doesn’t 
understand the laws of life’s battles will be 
counted out, as in the boxing ring. All the good 
things on this earth are trophy cups. The 
strong win them. The weak lose them.” This 
authoritative statement from the man in 
charge of education in the Germany of today 
and possibly of continental Europe tomorrow, 
if taken at its face value, can mean only that 
in his opinion the purpose of education is to 
enable the strong to become stronger in order 
better to rob the weak. Surely that cannot be, 
some will say. It is unthinkable that anyone in 
a responsible position of authority could sub- 
scribe to so bestial a philosophy. But is not a 
sufficient answer to that complacent doubt to 
be found in what has already happened in the 
countries reduced to slavery— Poland, Czech- 
oslovakia, Denmark, France, Norway? 

Let anyone picture to himself the conse- 
quences if this conception of the ideals of 
education should dominate the world. In med- 
icine no more humanitarian principles! Gone 
the charity hospitals! No more bother about 
crippled children! It is their own misfortune if 
the poor are sick and the children are crippled. 


IShirer, William L. Berlin Diary, p. 328. New York: Alfred 
A. Knopf. 
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They are the weaklings. They “will be count- 
ed out, as in the boxing ring.’’ What of the 
effect of the glorification of such brutality up- 
on the doctor himself and especially upon the 
surgeon? Is such a philosophy compatible 
with the kind of surgical practice with which 
you and I are familiar? Certainly not. Why 
carry out all the troublesome details to make 
an operation as safe as possible? If the patient 
is-strong he will recover anyway, and why 
worry if the weak does not survive? Doubtless 
the extreme results on the practice of surgery 
which I have just mentioned would not occur 
quickly but in the long run the corroding in- 
fluence of a philosophy of brute force accepted 
by the dominant people of the European con- 
tinent would be bound to degrade the present 
high standards which have been set up. 

If then at the conclusion of this war Nazi 
influence should dominate the world a recur- 
rence of the Dark Ages would seem to be in- 
evitable so far as education and the progress 
of science is concerned. The spirit of the Span- 
ish Inquisition would rear its ugly head again. 
Has it not already done so in those regions 
which have come under Hitler’s control? The 
atmosphere of freedom necessary for the 
growth of science and the spread of education 
would not exist. German surgery since Hitler 
came to power has been practically sterile. 

Those in America who, because of the wide 
expanse of the Atlantic Ocean feel secure 
against the possibility of a successful Nazi 
military invasion may think that it is of little 
concern to us here whether or not Europe 
adopts the Nazi ideology. But I cannot agree 
with that opinion. It is admitted probably by 
everybody that if Hitler is victorious in the 
European conflict it will be necessary for the 
United States to remain on a war footing in- 
definitely. This will mean not only a large 
army and navy but large taxes also. We have 
become accustomed to depend on private bene- 
factions for much of the support of our uni- 
versities and hospitals. It is common knowl- 
edge, frequently expressed, that already the 
reduction of private contributions has serious- 
ly handicapped many of our institutions. If 
those contributions become still less because 
of higher and higher taxes for the support of a 
huge preparedness program, radical changes 


in the whole scheme of higher education and of 
the support of scientific research will probably 
be necessary. It seems hardly possible that 
either education or research would be support- 
ed on the same generous scale if that support 
were dependent largely on government grants. 
Certainly much of the freedom to which we 
have long been accustomed in the privately 
supported institution would be curtailed with 
all the restraints, delays, and red tape neces- 
sitated by dealing with government clerks. 

More important though might be the spread 
of the demoralizing Nazi theories of education 
to this side of the Atlantic which might be ac- 
cepted under the impulse of necessity in com- 
petition even if they were considered undesir- 
able. As long as three years ago reports from 
Germany indicated that the medical course 
had been shortened by a year and a half be- 
cause of the demand for more medical officers 
in the Army. Is it inconceivable that such 
pressure might be made in this country for a 
shorter and ‘“‘more practical’ training if we are 
forced to stay indefinitely on a war basis? The 
close integration of the world which has been 
brought about by modern transportation and 
communication has made it difficult even for 
an educational system of one country to be 
uninfluenced by that of another strong and 
dominating nation. 

That science knows no political boundaries 
is a common remark. An idea expressed in one 
country is elaborated in a second and built 
upon in a third to emerge as something prac- 
tical and perhaps utilitarian. Great accom- 
plishments are necessarily the products of 
many minds and hands. Surgical science in its 
development has been no exception to this rule. 
The evolution of modern surgery has been the 
work of all the enlightened peoples of the 
world, and the chief contributions to it have 
been made by those who have lived in atmos- 
pheres of the greatest intellectual freedom. If 
Europe continues to live in slavery and the 
rest of the world becomes an armed camp there 
will be little prospect of any notable advance 
in any of the sciences or cultural activities 
even on this side of the Atlantic. 

At a time like this when international 
hatreds are strongly aroused it is well to recall 
some of the epoch-making contributions which 
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have served to create our modern surgery. Al- 
though it is difficult, if not impossible, to date 
the beginning of any great movement, to say 
who actually started it, it seems reasonable to 
state that the birth of the modern scientific 
spirit of surgery can be traced more definitely 
to the immortal Englishman, John Hunter, 
than to any other individual. Before his time, 
and for that matter during his life (1729-1793), 
there was no experimental approach to sur- 
gical problems and no accurate knowledge of 
the pathological conditions present. Surgical 
operations for the most part consisted of 
amputations, the opening of abscesses, and the 
removal of superficial tumors. Hunter, how- 
ever, by his resort to the experimental meth- 
od, his careful study of pathological specimens, 
his observations on comparative anatomy and 
on embryology established a scientific basis 
without which the surgery of the present day 
could not have developed. While Hunter was 
inaugurating the new sciences of experimental 
pathology and experimental surgery in Eng- 
land the army surgeon in Germany, according 
to Garrison, was still being called Feldscherer, 
because it was his duty to shave the officers. 

To Great Britain, of course, also must go 
the credit of creating the antiseptic principle 
in surgery, carried to a revolutionary success 
by Lister, but later modified by the German, 
von Bergmann, into the technique of the 
present day asepsis. Lister’s discovery, as 
everyone knows, made it possible for the first 
time to perform an operation on a patient 
without the previous fear of wound infection. 
The tremendous practical value of that work 
is likely to overshadow its other aspects. To 
me, however, some of those other aspects are 
of the greatest importance. Lister was a man 
of the same mental stripe as John Hunter. He 
was both a logical thinker and an experi- 
mentalist. From experiments which ran over 
a period of about twelve years he reached 
certain tantalizing conclusions about the na- 
ture of wound infection but he was unable to 
go further on his own knowledge. For example 
he had concluded that: (1) putrefaction caused 
suppuration, and wound infection did not 
occur without suppuration; (2) suppuration 
(decomposition) was in some manner caused 
by the presence of air; (3) the gases in the air 
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were not responsible. What could it be in the 
air that was responsible, if not the gases? In 
1865 his colleague at the University of Glas- 
gow, Dr. Thomas Anderson, the professor of 
chemistry, called his attention to the papers 
of Pasteur on fermentation and putrefaction. 
Now he found the answer to his question. 
This to my mind is a splendid example not 
only of the interdependence of one nation 
upon another in science but of the interde- 
pendence of one science upon another. Was it 
not a revolutionary idea in itself at the time 
that a surgeon could receive help from a 
chemist on a “practical” problem like the 
healing of a wound? 

Another major British contribution to the 
development of modern surgery has been the 
part played by the trained nurse. It seems 
doubtful to me that the art of surgery could 
have reached its present high plane without 
the sympathetic devotion to the patient and 
the careful attention to details which can be 
given only by intelligent women. The fact 
that Florence Nightingale and Joseph Lister 
were contemporaries has been of the greatest 
importance to us. 

Germany through the influence of its great 
universities on medicine during especially the 
latter half of the nineteenth century and in the 
present century until the World War did much 
to extend the development of the scientific 
spirit in surgery. The older members of this 
audience will recall how eagerly the German 
surgical journals were read before the World 
War to learn of the latest developments in 
both the art and science of our profession and 
with what authority we at least in this coun- 
try considered the German masters to speak. 
In looking back now, however, to the period 
nearly thirty years ago when German surgery 
was at its peak it would seem that what in- 
spired us and fascinated us most was the spirit 
of scientific inquiry which was developed in 
that country to a greater degree than in any 
other up to that time. The best German uni- 
versity surgical clinics were centers of experi- 
mental investigation and were influenced by, 
at the same time as they themselves were in- 
fluencing, other medical sciences, notably 
physiology and pathology. With the advent of 
antiseptic and aseptic surgery the German and 
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Austrian surgeons seized eagerly upon the op- 
portunity to extend the occasional previous 
attempts to explore the possibilities of ab- 
dominal surgery. As a result particularly of 
the work of Billroth and his distinguished 
pupils, notably Mikulicz, Czerny, Woelfler, 
Gersuny, and von Eiselsberg, visceral surgery 
was added to the field of the surgery of the 
extremities. Billroth, however, made another 
important contribution, namely, a plan to 
educate young men to be surgeons comparable 
to or even to excel the “chief.” It seems strange 
to us that the idea was so late in being pro- 
posed. Yet outside of the German and Aus- 
trian universities it was slow to take root. 
Even the great Lister had no disciples of the 
sort who were trained and developed in the 
well known surgical clinics of Germany and 
Austria. 

In spite of the development of the science of 
surgery to a high degree in Germany, no in- 
dividual giants arose comparable in stature to 
John Hunter or Lister. Contributions of others 
who were not surgeons, however, did greatly 
influence the science and art of surgery per- 
haps as profoundly as those of Hunter and 
Lister. I refer especially to the contribution of 
the x-ray by Roentgen and to the develop- 
ment of the new bacteriology by Robert 
Koch. 

The United States has had an important 
share in the development of modern surgery. 
It is customary to say that our greatest con- 
tribution has been surgical anesthesia. There 
can be no question that this was of the first 
magnitude, ranking with Lister’s antisepsis as 
one of the principal foundations upon which 
modern surgery was erected. Yet it seems to 
me there have been other American contribu- 
tions almost, if not quite, as noteworthy, al- 
though less dramatic. 

The elaboration of the nature of and the 
present treatment of surgical shock has been 
largely accomplished by Americans, although 
no single name in this connection stands out so 
prominently as with each of the other epochal 
discoveries previously mentioned. Until the 
beginning of this century only the haziest of 
ideas existed among the surgeons of the world 
as to the nature of this serious and frequent 
complication of severe injuries and of major 
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operations. Crile’s researches published in 
1899, although not the first, and although 
later shown to be partly wrong in their con- 
clusion, nevertheless focused the attention of 
surgeons on this subject and had great in- 
fluence in arousing their interest. The more 
recent work of the American surgeons, Bla- 
lock, Phemister, Scudder, and others has add- 
ed greatly to our knowledge of the funda- 
mental mechanism of the production of shock. 
The contribution of Lewisohn of the harmless- 
ness of the transfusion of citrated blood fur- 
nished a practical method for the better treat- 
ment of shock. The most recent development 
of using dried plasma instead of whole blood 
has been chiefly made by workers on this side 
of the Atlantic. The first experimental use of 
it for this purpose was by Bond and Wright of 
the University of Pennsylvania in 1938. As a 
result largely of the American contributions to 
this subject, a danger ever present in serious 
operations which is scarcely less important 
than that of infection has been practically 
banished from modern operating rooms. 

As a sort of corollary to both the principles 
of the prevention of wound infection and the 
protection of the patient against surgical 
shock there stands the necessity of the gentle 
handling of tissues in order to accomplish a 
healing of the wound as nearly perfect as 
possible. To Halsted of Baltimore no less than 
to his Swiss contemporary, Kocher, belongs 
the credit of the passing of the rough and 
ready slapdash surgery which was prevalent a 
generation ago. Americans who had come 
under the influence of the careful, painstaking, 
deliberate, and almost bloodless operating 
technique of Halsted were usually amazed 
when visiting the well known German surgical 
clinics of the time to see the surgeons wearing 
rubber boots, the disregard of hemorrhage, 
the rough handling of the tissues, the careless 
closure of the wounds, and the shocking 
anesthesia. These sights usually made an in- 
delible impression that the German surgeons, 
although perhaps greatly interested in the 
science of surgery, had failed to cultivate its 
art. 

In order that the public may profit by 
developments in any science it is necessary of 
course that those developments should be 
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placed at the disposal of a large number of 
people. The important surgical advances which 
were rapidly developed after the advent of 
Listerism would have been of very little use 
to the general public if there had not been a 
considerable body of surgeons trained to make 
use of them. The system of training young 
surgeons put into effect by Halsted at the 
Johns Hopkins Hospital, the so called graded 
resident system, appeals to us Americans as 
being in principle the best method yet pro- 
posed. The fact that it is being used exten- 
sively in this country and elsewhere has been 
of incalculable value in raising the general 
level of surgical practice. 

There must not only be well trained sur- 
geons to carry the new developments of our 
profession to the public but there must also 
be facilities for the use of those developments. 
The United States and Canada have been 
leaders in the creation of a sort of hospital 
which until very recent years was unknown in 
those countries which followed European cus- 
toms. The idea that the hospital is an institu- 
tion for only the poor has been prevalent for 
centuries in Europe. As modern medicine de- 
veloped, necessitating complicated apparatus 
and equipment for diagnosis and treatment, 
the remark was frequently made by our 
European colleagues that the middle class and 
the rich, who were taken care of either in their 
own homes or in the institutions known as 
nursing homes, were denied the medical care 
received by the poor. The North American 
idea, however, fortunately for us and for our 
patients, has been that a hospital could serve 
all classes in the community. Long ago sur- 
geons here stopped performing major opera- 
tions in the patient’s homes except in isolated 
instances. There is no country in the world in 
which good hospital care is so readily available 
for all classes of patients as it is in the United 
States and Canada. But it was not always so. 
Some hospitals would like to cut corners by all 
sorts of economies which might make them 
unsafe for the surgical care of unsuspecting 
patients by even well trained surgeons. It is 
necessary to compel such institutions to live 
up to certain standards if they wish to maintain 
their good reputation with the public. The 
hospital standardization program carried out 
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by the American College of Surgeons for near- 
ly twenty-five years under the very able 
leadership of Dr. Malcolm MacEachern has 
been unique. No other organization in the 
world has performed the same function. Its 
influence in maintaining a high standard of 
surgical practice in North America has been 
incalculable. Perhaps it would be no exaggera- 
tion to say that the hospital standardization 
program has been no less powerful than the 
trained nurse in carrying the benefits of mod- 
ern surgery to the general public. 

My purpose in mentioning some of the out- 
standing developments which have created 
what we know as modern surgery has been to 
emphasize its internationality, rather than to 
attempt to give a brief historical review. I 
have, therefore, omitted many important dis- 
coveries and contributions which others might 
think deserve to be mentioned in a discussion 
of the parts which the leading countries of the 
world have had in establishing the science and 
art of our profession. 

It is unthinkable that this structure so la- 
boriously created should be destroyed, but to 
preserve it will almost certainly be the re- 
sponsibility and obligation of those of us who 
live on this side of the Atlantic at least until 
such time as the world has recovered from the 
exhaustion which will follow the struggle for 
the crushing of Hitlerism. From force of cir- 
cumstances the surgical world will surely look 
to America for leadership. We must be pre- 
pared to accept that responsibility. 

Although surgery is international in its 
scope, its development in different countries 
has been characterized by differences of em- 
phasis and by differences in point of view 
which have resulted in a more or less distinc- 
tive and characteristic quality of the surgery 
in the principal nations. Thus, for example, 
British surgery in many respects differs from 
our own and the German surgery. Likewise 
American surgery differs from the German. 
There is, of course, nothing surprising in this 
fact. Each of the three nations mentioned has 
a different culture and different traditions, and 
distinguishing features can be recognized in 
many intellectual activities, as in their meth- 
ods of general education, in their music, their 
art, their architecture and so on. 
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Our own surgery more closely resembles 
that of the British than any other. The dif- 
ferences are somewhat intangible and difficult 
to describe; yet they are apparent. They can 
perhaps best be summarized by stating that 
we are more theoretical and less practically 
minded. We are a younger nation and, there- 
fore, less conservative. The British surgeon is 
a master clinician in the application of the 
older art of physical examination to diagnosis 
and he is unexcelled in technical operative 
skill. He has carried on splendidly the tradi- 
tion of anatomy as the foundation stone of sur- 
gery. We Americans, on the other hand, as a 
result of the changes in our undergraduate 
medical curriculum, have almost forsaken the 
gods of our fathers, anatomy and pathology. 
We have been seduced by the newer and more 
alluring gods of physiology and biochemistry. 
We have become more interested in function 
than in structure. It has been an amazing 
revelation to the American Board of Surgery 
to find that a generation of young surgeons 
has grown up whose ignorance of the anatomy 
and of the pathology of the structures with 
which they are dealing is abysmal. The 
wonder is that such men can be doing as good 
surgery as they undoubtedly are doing. Al- 
though the revelation shakes one’s faith some- 
what in the necessity of a sound knowledge of 
anatomy and pathology, nevertheless, it is 
difficult to believe that these same men would 
not be doing much better surgery if they did 
have sounder knowledge of those subjects. 

It is probably an inevitable characteristic of 
a young rapidly developing nation to become 
ambitious to equal or to excel the accomplish- 
ments of older nations. The spirit of inquiry 
and of experimental research prevalent in the 
better German clinics before the First World 
War found favorable soil on this continent 
when it was transplanted here by many young 
men who saw in the rapidly developing 
sciences of physiology and chemistry many 
applications to clinical problems. It is not 
surprising, therefore, that the stream of pub- 
lications appearing in the German journals 
had a profound influence on American sur- 
geons. Moreover this influence came at a time 
when we in this country were most able to 
take advantage of it. From the beginning of 


this century on, more and more opportunities 
were presented to young men to undertake 
original experimental work. After the great 
awakening and the revolution in medical edu- 
cation which followed the publication of the 
Flexner report in 1910, together with the work 
of the Council on Medical Education of the 
American Medical Association, these oppor- 
tunities were greatly multiplied. Experimental 
investigation and the spirit of scientific in- 
quiry became glorified. The older, more drab 
and less fertile disciplines of anatomy and 
pathology became seemingly of less importance 
to the ambitious young surgeon. His desire 
was to startle the world with a new and im- 
portant discovery. Not much chance of doing 
that in the intensively cultivated and ex- 
hausted soils of anatomy and pathology. The 
urge to get into print to make his name known 
obsessed every young surgeon who was ambi- 
tious to get along. Positions of prestige and 
influence were often filled on a basis of the 
candidate’s publications more than on any 
other qualification. Sometimes the list would 
be regarded as more imposing if the number of 
the published articles exceeded those of the 
rival candidate, without a sufficient regard for 
their quality. Is it any wonder then that this 
urge for recognition resulted in a dimming of 
the lights of anatomy, pathology, and the old 
established methods of physical examination 
of the patient? 

One of the American characteristics most 
frequently noted by foreigners is our tendency 
to undertake a new project or to accept a new 
idea with the utmost vigor and enthusiasm. 
Our acceptance of the value of the spirit of re- 
search in medicine was no exception. The 
movement in this country developed into a 
veritable surge, and large numbers of young 
men crowded into the research laboratories to 
find out something new. The printing presses 
were overworked to publish the volumes of 
work produced and scores of new medical 
journals appeared. There was little excuse for 
any Milton to be mute and inglorious. It was 
to be expected that most of the ambitious 
young investigators would be unfitted by na- 
ture to startle the world with any epoch- 
making discovery. On the other hand some, 
yes even some of the young surgeons, have 
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made very important fundamental contribu- 
tions to our knowledge not only of physiology, 
both normal and abnormal, but even of pa- 
thology and of the forsaken subject anatomy, 
especially the anatomy of the nervous system. 
Others have added smaller stones to the build- 
ing of our edifice. The spirit of research over- 
flowed from this country into neighboring 
countries and back to Europe. With the bene- 
factions of the Rockefeller Foundation dis- 
tributed throughout the world there was 
scarcely a civilized country in which the spark 
of original investigation was not kindled into 
flame if it existed at all. Never before in the 
history of the world has there been anything 
remotely approaching the flood of scientific 
discoveries which has occurred in the last 
twenty years. Perhaps there will never be 
another period like it. In any case there is 
bound to be a recession of the wave. Almost 
certainly this recession has already begun. In 
all those parts of the world touched by the 
withering hand of Nazism research activities 
are impossible. England and Russia are handi- 
capped by their struggle for existence. Only 
the nations of North and South America are 
so far free to carry on the spirit of research, 
and one wonders how long can this go on. 
Historians often have pointed out the wave- 
like character of the great cultural advances. 
During a relatively short period of time enor- 
mous progress is made, to be followed by a long 
period of relative inactivity or actual reces- 
sion. Notable examples are the so-called Age 
of Pericles, the Alexandrian Period, and the 
Elizabethan Era. In view of the present chaotic 
conditions of the world, it would seem to re- 
quire much optimism to assume that the 
period of unprecedented scientific advance 
through which we have just passed will con- 
tinue with undiminished tempo. 

Along with the recent period of enormous 
research activity there has been an immense 
improvement in the quality not only of the 
best but also of the average surgery practiced 
in this country. Better medical schools, more 
and better facilities for a long term specialized 
education of the young surgeon, more widely 
distributed well equipped hospitals have all 
had an incalculable effect in making good 
surgery available for the mass of the popula- 


tion. The high standards set for certification 
by the specialty boards have been a very 
stimulating influence in keeping the practice 
of the various surgical specialties on a high 
level. The development of group practice 
brought to a remarkable state of efficiency by 
the Mayo Clinic and emulated by many other 
clinics has also been a factor in improving 
surgical practice. 

The influence of the American College of 
Surgeons has carried much weight in improv- 
ing the average surgical practice throughout 
the country. Its splendid work in improving 
the hospitals of the United States and Canada 
has already been mentioned. Also important 
have been its recently increased standards of 
admission to fellowship, the work of its re- 
cently appointed committee on graduate edu- 
cation, its official journal, and its annual 
meetings where the surgeon out of touch with 
the medical centers of the country can come 
to learn of the new developments in surgery. 

At the meeting this year an innovation in 
the program was made. The Forum on Funda- 
mental Surgical Problems was created. This 
symposium of ninety short presentations of 
experimental work on surgical problems was 
arranged largely by the efforts of Dr. Owen H. 
Wangensteen. It can almost certainly be said 
without fear of denial that never before at any 
surgical meeting in any country has there been 
a program presenting so much original work, 
mostly by youngerinvestigators. It constitutes, 
therefore, a unique event. Moreover, it repre- 
sents, it seems to me, one of the chief character- 
istics of modern American surgery, the spirit of 
inquiry and the utilization of all the sciences 
for the solution of surgical problems. It is a 
characteristic of which we American surgeons 
can justifiably be proud. It removes surgery 
from the realm of mere craftsmanship and 
translates it into a science. It is this experi- 
mental attack which constitutes the front line 
of surgery. Does not this program show that 
the spirit of the immortal John Hunter still 
survives? His memorable words to Jenner 
should be recalled, “I think your solution is 
just; but why think? Why not try the experi- 
ment?” 

In the foregoing remarks an attempt has 
been made to emphasize the fact that the de- 
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velopment of modern surgery has been due to 
important contributions from several nations 
but yet that the practice of surgery has cer- 
tain national characteristics which make it 
different in different countries. Reasons have 
been advanced for assuming that the recent 
unprecedented period of scientific progress is 
certain to be checked, if it has not already 
been, regardless of the outcome of the war. A 
Nazi victory, however, will mean almost cer- 
tainly for a time a more or less complete de- 
struction of the scientific spirit throughout the 
world. It has been emphasized that attempts 
to preserve our present high standards and to 
carry forward the light of progress will fall 
most heavily on those of us who live in the 
Americas, South as well as North. 

Let us now briefly consider some of the ways 
by which these standards can be preserved. I 
should say that it is of the utmost importance 
that the surgeons of North America and of 
Latin America come to know each other better 
and to develop a spirit of more sympathetic 
mutual understanding. The surgery that is be- 
ing practiced in the centers of Latin America 
is not excelled anywhere, and an increasing 
volume of original work of very high order is 
being produced. The knowledge of this work 
has been only slowly diffused in North Amer- 
ica because of difficulties in language. Like- 
wise, for the same reason, our surgery has not 
been so well known to our southern neighbors 
as the continental surgery. Would not a regu- 
larly meeting Pan-American surgical congress 
with the cooperation of the American College 
of Surgeons provide a stimulating and helpful 
influence in preserving and fostering the spirit 
of surgical progress at least on this side of the 
Atlantic while Europe is recovering from the 
disaster of war? By meeting in different coun- 
tries and at stated times, either annually or 
less often, there would certainly arise an in- 
spiration from personal contact and from de- 
veloping friendships and respects among those 
most actively engaged in the advance and 
practice of our profession. More of us North 
Americans would come to possess a knowledge 
of Spanish and Portuguese, and more of the 
South Americans, English. There would be a 
freer interchange of medical literature, of ideas, 
and of students. The American College of 


Surgeons already has a membership of 225 
from Latin America. It could well be more 
nearly representative of all the Americas, both 
in membership and in its governing bodies, so 
that truly it would be an all embracing 
American College of Surgeons, thoroughly in- 
ternational in its point of view and adminis- 
tration. This suggestion may seem too radical, 
but we must be prepared to make radical 
moves if we wish to counteract the results of 
the swiftly moving tragedy in Europe. 

In a discussion of the preservation of our 
highly developed modern surgery, it is neces- 
sary to touch upon our duties and obliga- 
tions to the armed forces of our country in a 
program of preparedness for war. The Army 
particularly, and to a less extent the Navy, 
need more medical officers. We must do all in 
our power to provide them during the acute 
emergency. In striving to preserve our pro- 
grams of training young surgeons we must not 
hamper the agencies of our government whose 
defeat would mean the destruction of our na- 
tional independence. On the other hand, the 
armed forces should not unnecessarily and 
ruthlessly interfere with our laboriously de- 
veloped system of training. Enough of it must 
be safeguarded to prevent too great a recession 
from our present standards. I am pleased to 
say here, to the credit of the wisdom of Surgeon 
General Magee of the Army and of Surgeon 
General McIntire of the Navy, that every 
effort has been made to interfere as little as 
possible with the training programs. Possibly 
a plan may be worked out whereby the young 
medical officers, after a limited service, can be 
released to finish their periods of training in 
the civilian hospitals. 

Possibly greater dangers to the safety of our 
resident system will come from the governing 
bodies of our civilian hospitals when the spec- 
ter of hard times !eers at them. We must, how- 
ever, hold fast to the principle of the sys- 
tem, even if some modifications become neces- 
sary. We must not forget that surgery is a sci- 
ence as well as an art and must constantly ad- 
vance. Above all, to be true to our profession, 
we must remember that the practice of sur- 
gery is based on humanitarian principles. 
Come what may, we shall not subscribe to the 
philosophy of the supremacy of brute force. 
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ADRENAL CORTICAL TUMORS 


The Types of Nonhormonal and Hormonal Tumors 


GEORGE F. CAHILL, M.D., F.A.C.S., MEYER M. MELICOW, M.D., and 
HUGH H. DARBY, Ph.D., New York, New York 


N 1936, a study of adrenal cortical tumors 
was presented by a New York group 
from the Presbyterian Hospital. At that 
time it was shown that these tumors 

could be diagnosed by perirenal air insuffla- 
tion. Attempts were also made to determine 
the hormones excreted in these cases. It was 
shown, that in adult females, normal or high 
amounts of estrogens were excreted in some 
tumor cases. At the same time Gallagher 
found that large amounts of androgens were 
present in the urine of 2 of the adult female 
cases but his report was not completed in time 
to be included in the published paper but was 
incorporated in the reprints. Since then the 
adrenal gland has been studied by numerous 
investigators and there has been a clearer 
understanding of many of its physiological ac- 
tivities. Coincidental with the advances in 
the knowledge of the function of the normal 
adrenal there has been much experimental and 
clinical investigation into its pathological sta- 
tus. Because of the better understanding of 
the clinical status with reference to adrenal 
cortical tumors, we believe that the report of 
a study of the adrenal cortical tumors which 
have been seen at the Squier Clinic is worthy 
of presentation. 


THE ADRENAL 


The mammalian adrenal is actually two 
glands fused together in development. Each 
has an essentially different origin, a different 
tvpe of tissue and with a separate function, 
but they happen to be enclosed in one envelop- 
ing capsule and tissue stroma. 

Tumors of the adrenal are not frequent. 
When they arise they can be basically classi- 
fied as follows: 

From the Departments of Urology (J. Bentley Squier Clinic) 
and Biochemistry, College of Physicians and Surgeons, Columbia 
' ‘Seemed before the Clinical Congress of the American College 
of Surgeons, Boston, November 3-7, 1941. 


281 


1. Tumors derived from the various layers 
of connective tissue, blood vessels, lymphatics, 
or nerve structures within the gland which 
are similar to such types of tumors that may 
occur in any other gland and as such are not 
peculiar to the adrenal. They occur very rarely 
in the adrenal. Tumors of these tissues having 
been reported as occurring in the adrenal are 
the following: fibroma, lipoma, neuroma, neu- 
rofibroma, myoma, osteoma, hemangioma, 
sarcoma, lymphangioma, and melanoma. 

2. Tumors derived from the medulla are 
ones peculiar to that tissue and are of the 
ectodermal sympathetic nerve system. They 
may be of the basic nerve cell, a sympatho- 
blastoma, or secondly from the sympathetic 
ganglion or ganglineuroma, or thirdly from 
the pheochromocytes or paragangliomas. The 
first two occur more frequently in children and 
are seen more often than the latter, which oc- 
curring mostly in adults are rare. 

3. Tumors originating from the adrenal cor- 
tex are mesodermal glandular tumors, and 
cytologically are hyperplasias, adenomas, and 
carcinomas. 

Accessory adrenals occur, called Marchand’s 
bodies. These are of cortical tissue and have 
been described as in the kidney, the perirenal 
fascia, the retroperitoneal fascia, within the 
broad ligament, attached to the ovary, or as- 
sociated with the gonadal testicular tissues. 
Tumors of these aberrant adrenals have been 
reported, all of cortical tumor type and, with- 
out and with, similar syndromes as are seen 
with adrenal cortical tumors. Their occurrence 
is very rare. 


THE ADRENAL CORTEX 


In a consideration of tumors of the adrenal 
cortex, it is essential to evaluate the more 
recent studies upon its embryology and briefly 
to review the marked advances of the knowl- 
edge concerning its biological processes. 
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EMBRYOLOGY AND HISTOLOGY 


The adrenal cortex originates from the mes- 
oderm of the celom epithelium near the genital 
ridge and because of its proximity to that 
ridge, Grollman has suggested that cells of 
the latter may be included with the adrenal 
and that hyperfunction of these cells may be 
responsible for the phases of reproductive 
symptomatology in those cases. The cortex 
during postnatal life gradually forms into 
three microscopic layers that are completed 
to the adult cortex, at or about puberty. The 
development of the inner of these three layers 
just before puberty has been shown by Miller, 
Deansley, and Whitehead, to have some con- 
nection with the development at that time of 
the sexual glands and organs, and because of 
this it was suggested as an “X-Zone”’ of the 
adrenal. In this latter zone, because of his 
theory of inclusions in the juxtamedullary 
layer of testicular cells or rests, Grollman pre- 
ferred to recognize a fourth zone or special 
‘androgenic zone.”’ 

A better understanding of the development 
of the adrenal cortex has been furnished by 
the studies of Mulon, Bogmoloz, Goormagh- 
ligh, Hoerr, and Zwemer, in that the adrenal 
cortex apparently continuously grows from 
without inward. New cells are formed from 
the spindle-shaped fibroblastic cells under- 
neath the fibrous capsule, develops through 
the three layers from without in, the zona 
glomerulosa, zona fasiculosa, and zona reticu- 
losa and during this process elaborate, ac- 
cumulate, and discharge lipoid sterols and 
then degenerating, are absorbed in the reticu- 
losa near the medulla. The secretion is dis- 
charged into the capillaries by the mature 
celis before their degeneration and the process 
is constant, with replacement by new cells. 

Under certain phases of hyperactivity there 
appear larger number of cells undergoing de- 
generation than is normally seen. This may 
suggest the possible reason for the widening of 
the ‘“‘reticulate zone at puberty,” (Deansley 
and Miller), the special zone (Grollman), and 
the appearance of granules in the cells with 
fuchsinophilic staining affinities as reported 
by Broster and Vines. 

In relation to the appearance of discrete 
fuchsinophil granules found in certain adrenals 


in females manifesting virilism as reported by 
Broster and Vines, and Simpson and Joll, the 
recent report of Sudds is interesting. She 
found that granules are present in 24 per cent 
of adult male adrenals and 28 per cent of 
female adrenals. In females the percentage of 
glands with granules showed a steady increase 
with age. With the exception of 1 fetus, in no 
case under 24 years were they apparent. This 
report is an excellent investigation of a small 
number of such sections reported in our pre- 
vious article (Cahill et al.) in which such 
granules were found in dogs, in adrenals of 
individuals without virilism and more marked 
in adrenal cortical tumors with virilism. Sudds 
concluded that age has some influence on the 
presence of these granules, but sex plays no 
part. By inference, from Sudds’ conclusions, 
the presence of the increase of these granules 
in excess may be due to the aging influence of 
virilism when it occurs, and not that the 
granules were direct hormones which logically 
should be the sterols produced by the adrenal 
cells. 


THE PHYSIOLOGY OF THE ADRENAL CORTEX 


The adrenal cortex has been definitely es- 
tablished as the elaborator of hormonal sub- 
stances, some of which are necessary for life 
maintenance. The hormonal substances have 
been shown chemically to be sterol lipoids. 

Up to 1941 over 20 closely related sterol 
derivates have been prepared from the normal 
adrenal cortex. The action of all of these is not 
fully known. Of the identified steroids is one 
with the property of male sex hormone (de- 
hydroisoandrosterone) (Reichstein) a _ beta 
kesteroid, that differs only in its chemical 
structure from the testicular male hormone 
(androsterone) an alpha kesteroid. There has 
also been identified as secreted by normal 
adrenals the female sex hormones, estrone 
(Beall), and progesterone (Beall and Reich- 
stein). Thus normal adrenals have the power 
to produce both male and female sex hor- 
mones. The excretion in the urine of androgens 
is small in children, reaches a normal in adult 
life, and diminishes after 40. It is relatively 
small in females. Part of these androgens are 
considered to be derived from the adrenal. 
The excretion in the urine of estrogens also 


Jester “ste 


eee: 














an oe mellhlUlUremtlCMlC elC KC elCUelCU Ol ll liCetstéi‘iUNESNE™Cti‘iM 


AS 





dV 
he 
he 
nt 
of 
of 


10 


is 


ll 


of 


b- 
fe 
ve 
‘ol 


al 


ne 


—— 


—E 


27. ae 





CAMILIL ET Aix: 


occurs in small amounts in normal males, 
normal amount in normal females, and part of 
these estrogens are considered to be probably 
elaborated by, the adrenals. 

Some of the other steroids elaborated by the 
adrenal cortex have effects on the salt and 
water metabolism, the permeability of the 
capillaries, in the regulation of the carbohy- 
drate, fat and protein metabolism, the renal 
function, the capacity of muscle response, and 
the resistance to stress. The maintenance of 
life and health is probably due to a combina- 
tion of the various activities of these steroids. 
Of the identified steroids, one, desoxycorti- 
costerone, seems to be most effective in the 
regulation of salt and water metabolism, in 
capillary permeability, and in preservation of 
renal function but has no demonstrable effects 
upon the carbohydrate metabolism. The prop- 
erties of others of these steroids are not as yet 
clarified so that much further investigation 
apparently is necessary. 

From the multitude of experiments reported 
there are suggestions that the adrenal may be 
implicated in many other metabolic processes. 
It has been shown that there is a relationship 
between the adrenal cortex and the gonal 
pituitary system and that hyperactivity of the 
ovary may partially replace adrenal function 
(Rogoff and Stewart, Emery and Schwabe). 
It is of interest to explain the presence in com- 
parative large amounts of vitamin C in the 
adrenal cells as shown by Szent-Gyorgyi. 


PATHOLOGICAL PHYSIOLOGY 


Since the adrenal cortex is composed of 
hormonal secreting cells, there are periods of 
cell growth or degeneration in which these 
cells do not elaborate hormones. Hyperplasia 
of these cells or tumor of these cells will have 
large numbers of this stage of cell life present 
without increase of hormones delivered into 
the capillaries. Again hyperplasia or tumor of 
the cells in the various stages of elaborating 
and secreting the steroid hormones will have 
an abnormal number of these cells present and 
as a result the secretion into the capillaries of 
an excess of some or all of the various steroids. 
Such has been shown to be the result of hyper- 
plasia or tumor in the adrenogenital syndrome 
in which the excess amount of male hormones 
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lig. 1. Diagram taken from Zwemer of the development of 
adrenal cells, showing the differentiation of the long cells 
from the cortex into the glomerular zone, the fascilate zone 
and into the reticulate zone. During this process, they 
change, accumulate materials, elaborate substances, secrete 
them, degenerate, and are removed by macrophages and 
microphages near the medulla. 


elaborated by the tumor has its effect upon 
the secondary sex organs. This has been shown 
to occur in the masculinization of females both 
children and adults and in the male maturity 
in male children (Simpson; Simpson, de 
Fremery, MacBeth; Gallagher; and Callow). 

Hyperplasia or tumor cells at times have 
apparently elaborated excess amounts of ster- 
oids with female hormonal activity. The effect 
of these excess amounts of hormones may be 
registered upon the individual so affected. The 
feminism of a male has been shown to be the 
result of excess estrogens elaborated by a tu- 
mor of the adrenal cortex by Burrows et al., 
and by Simpson and Joll. There is then the 
suggestion that the presence of high amounts 
of estrogens as reported by Frank, from cer- 
tain adrenal cortical tumors may naturally 
show no effect upon a female. 

Bauer contends that an excess of the hor- 
mones which have the regulation of the elec- 
trolytes, salt and water metabolism, fat and 
sugar metabolism, are produced by the adre- 
nal cortex either in the hyperplasia or in the 
tumors occurring in the syndrome described 
under many variations as Cushing’s syn- 
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drome. This has been supported by the work 
of McQuarrie, Johnson, and Ziegler, and by 
Anderson and Haymaker. 

It has been well established that the adre- 
nals can elaborate androgens and estrogens as 
well as other metabolic hormonal sterols and 
there is suggestive evidence that the regula- 
tion of these secretions is subjected to, if not 
regulated by stimuli from the pituitary. These 
androgens and estrogens can be present in ex- 
cess quantities and responsible for symptoms 
present. They may result from some aberra- 
tion of normal cortical steroid metabolism or 
they may be just an increase of normal pro- 
duction. Evidence is present that with some 
tumors there may be abnormal steroids _pro- 
duced. From such is the report of Butler and 
Marrian of the steroid with male hormonal 
properties (pregnane 3, 17, 20 triol) associated 
with an adrenal tumor and they definitely es- 
tablished that such a hormone is not excreted 
by normal’man or from a normal or pregnant 
woman. 

In addition it has been shown by Butler and 
Marrian and by Venning, Weil, and Browne 
that some patients with virilism and adrenal 
hyperfunction excreted pregnandiol and be- 
lieved that this originated from the cells of 
the pathological adrenal. 


CLINICAL CLASSIFICATION OF TUMORS 


Up to 1928 it was relatively rare for patients 
to be seen in the Presbyterian Hospital who 
suggested adrenal pathology, with the excep- 
tion of the adrenal deficiency in Addison’s 
disease. Since then, because of increased 
knowledge and interest in endocrine diseases, 
hundreds of patients with symptoms of sup- 
posed adrenal disturbance have been admitted 
to the Squier Clinic. From the large number 
examined, and the different investigations, the 
conclusion must be drawn that among adrenal 
syndromes the adrenal cortical tumor occurs 
infrequently. When it occurs it may be present 
without any evidence by symptoms that there 
is any change in the hormonal balance. In 
others it is accompanied by symptoms which 
are definitely due to hormonal influences. 
These symptoms vary according to the hor- 
mones secreted, their amount, and to the age 
and sex of the individual so afflicted. 
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The clinical groups, on the basis of proved 
cases may be classified as follows: 


1. No recognizable hormonal changes 
2. Changes due to excess androgens 
a. In female child toward adult masculinity 
b. In female adult toward masculinity 
c. In male child toward adult masculinity 
3. Changes due to excess estrogens 
a. In adult male toward femininity 
4. Changes due to excess androgens and other 
steroids 
a. Cushing’s syndrome with associated sex- 
ual changes (mostly in females) 
Changes due to excess other steroids related to 
metabolism 
a. Cushing’s syndrome _ without 
change (in male and female) 


sexual 


TUMORS WITH NO RECOGNIZABLE 
HORMONAL CHANGES 


Tumors of the adrenal cortex have been re 
ported in the literature as occurring without 
hormonal changes, (Hartung, Macera, Stev- 
ens, Gibson, Loeb, etc.). They are infrequent 
and have been seen practically only in adults 
over 30 and have occurred in both sexes. When 
discovered, they have apparently been present 
for a considerable period of time, first without 
any symptoms, but later with the complaint 
of pain in the side on which the tumor is 
present. Often when diagnosed the tumor was 
palpable. The deep situation of the adrenal 
and delay in invading any of the adjacent vis- 
cera for a considerable period before recogni- 
tion, allows growth of the tumor often to a 
large size. The pain is both abdominal and 
flank, and usually is made worse by exercise. 
Symptoms of malaise, fatigue, and diminution 
of appetite are often present, especially in the 
larger tumors. 

The following cases are illustrative of this 
type of tumor. 


CasE 1. A.S., Chart No. 69341, Presbyterian Hos- 
pital (reported in 1936), a single woman, aged 38 
years, was admitted in 1927 complaining of intestinal 
trouble and pain in the left side for over a year with 
occasional fever and weakness. She had missed her 
last menstrual period. She had a large mass in her 
left flank and cystoscopy showed that her left kidney 
was normal but was displaced downward by the 
mass. Her blood pressure was 155/68. There were no 
studies of urinary hormonal excretion. A transperi- 
toneal operation removed a large tumor from above 
her left kidney. With the aid of a postoperative 
transfusion she made an uneventful recovery. Sec- 
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tions of the tumor showed a carcinoma of the cortex 
of the adrenal gland. In some areas there was a dif- 
ferentiation of the tumor with sections having ar- 
rangement of cells reminiscent in places of the differ- 
ent areas of the normal adrenal, the zona fasciculata, 
zona glomerulosa, and the zona reticularis. In other 
areas there was little or no such differentiation, but 
cells varying in size and shape and mitosis and infil- 
tration. After 5 months’ improvement there was re- 
currence of abdominal symptoms. While visiting in 
Nova Scotia she had an abdominal operation and a 
section of a liver metastasis was sent to us. This 
resembled the undifferentiated area of the original 
tumor. She was reported to have died 11 months 
after operation. 

CasE 2. P.J.R., Chart No. 16156, Presbyterian 
Hospital (reported in 1936), a male, aged 58 years, 
was admitted in 1915 complaining of shortness of 
breath for a year, progressive loss of weight and 
strength, and blood tinged sputum. His right pleura 
was aspirated and the fluid contained epithelial tu- 
mor cells. At autopsy there was found a tumor of his 
right adrenal cortex with metastases to pericardium, 
endocardium, lungs, liver, kidneys, and retroperi- 
toneal tissues. He had no hypertension, no fat de- 
posits, no plasma, hair or secondary sexual changes. 

CasE 3. S.S., Chart No. 360795, Presbyterian 
Hospital, a male, aged 36 years, married and with 
children, was admitted in 1936 with pain in the left 
loin and chest for over a year. He had had a double 
herniotomy, an appendectomy, a tonsillectomy, and 
a cholecystectomy in the several years before ad- 
mission. His left loin pain was in periods lasting 4 to 
5 days. There was some loss of sexual vigor and with 
his pain he often had headaches and thought that 
these came roughly once a month. He was a vigorous 
male with a well marked normal hair distribution 
and with normal male genitalia. There was no hyper- 
tension. Cystoscopy and pyelograms were normal 
except that the inner border of the upper pole of the 
left kidney seemed shadowed by some tissue. A peri- 
renal air insufflation showed a rounded tumor above 
and anterior to his left kidney. A large soft adrenal 
tumor, anterior to the anterior capsule of his left 
kidney was removed with the kidney through a 
flank incision. The adrenal tumor capsule broke at 
the time of removal. After an uneventful recovery he 
was treated with high voltage x-ray. Urinary hor- 
mones estimated immediately after removal of the 
tumor showed a low excretion of both androgens and 
estrogens (male 4 I.U. and female 3 R.U. per day). 

Sections of the tumor showed that there was an 
upper small portion of norma] adrenal that blended 
into the neoplastic. In the tumor part, there were 
collections of cells of unusual size containing enor- 
mous nuclei. The cytoplasm was pale, pink, and 
smooth. Multiple nuclei were present. Mitoses were 
occasionally seen. In places the tumor cells were 
much smaller and resembled the renal hypernephro- 
mas. Cells containing lipoid vacuoles were not fre- 
quent. Areas of necrosis and hemorrhage were 
numerous. 


Two years later the patient was readmitted with 
anabdominal mass which on transperitoneal explora- 


-tion could not be removed because of its intimate at- 


tachment to the cava and aorta. Urinary hormones 
before operation showed male 15 international units 
and female 4 rat units, a low male excretion. High 
voltage x-ray was resumed. He was readmitted 6 
months subsequent to this with symptoms of general 
peritonitis. He refused operation, died, and on au- 
topsy a perforation of a sigmoid diverticulum with 
generalized peritonitis was found. There was a met- 
astatic tumor involving his aortic glands and his 
vena cava. Although the vena cava was involved, no 
metastases were found in his lungs. 

Case 4. A portion of a tumor of the adrenal was 
sent to us by Dr. M. W. Roome of the Department 
of Surgery, University of Chicago. This was from a 
male adult who had a large adrenal cortical tumor 
without any hormonal changes. The operative pro- 
cedure was corroborated by autopsy. The cellular 
pathology of Dr. Roome’s tumor was somewhat sim- 
ilar to that of Case 3, although the very large cells 
and nuclei were not as frequent nor did they appear 
as large. Lipoid vacuolated cells were rare. Mitosis 
and infiltration were present. 

CasE 5. A.K., Chart No. 652840, Presbyterian 
Hospital—Service of Dr. A. O. Whipple, a female, 
aged 50 years, single, was admitted September 1941 
with loss of weight and strength for 8 months. Her 
history was negative except for menopause 12 years 
previously. Eight months before admission she be- 
gan to have loss of appetite, weakness, and a gradual 
loss of 20 pounds. A mass then was seen to appear in 
her left upper abdomen without pain for the 4 
months before admission. Because of a normal blood 
count and other tests it was thought to be a large 
spleen and was given x-ray treatments. With this and 
sunbaths she became darker in her skin. There was 
no increase in hair anywhere on her body, no changes 
in her breasts, and no headaches. She had no hyper- 
tension. From x-ray studies the mass was thought 
to be spleen. She was operated upon and a large tu- 
mor mass with dilated veins was removed. It was 
anterior and above the left kidney and was attached 
to but did not involve the kidney or the normal 
adrenal above. She made an uneventful recovery. 
Sections of the tumor showed cells resembling adre- 
nal cells of the various types (similar to our Case 1). 
Cells with vacuoles were rare. The diagnosis was 
carcinoma of aberrant adrenal without hormonal 
symptoms. 


Our 4 cases of adrenal cortical tumors, 2 
males and 2 females, were all adults as was 
Dr. Roome’s case. In each the tumor had 
been present for a considerable length of time 
and had reached a rather large size. Two pre- 
sented symptoms of recurrent abdominal and 
flank pain on the side affected. All showed 
signs of malaise. One case was admitted in 
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the terminal stages and the symptoms were of 
lung metastasis. In 1 the mass was suspected 
to be of splenic origin and only at operation 
was it shown to be a tumor of an aberrant 
adrenal. In 1 case the diagnosis was made by 
the displacement of the kidney on pyelogram, 
and in another a perirenal insufflation x-ray 
film not only established the diagnosis but the 
fact that the tumor arose from the inferior 
portion of the adrenal and that it was mostly 
anterior to the kidney. Loeb recently report- 
ed making a similar diagnosis with perirenal 
insufflation roentgenograms upon a female of 
48 without hormonal symptoms. A transperi- 
toneal removal was successful and she, to time 
of reporting, had a survival period of 1% 
years. Description of the microscopic sections 
of Loeb’s cases resembled that of our 2 fe- 
males. Sections of the male case curiously re- 
sembled each other and not those of the 
females. All the tumors were characterized in 
that cells with vacuoles of lipoids were very 
rare. 

The prognosis of most nonhormonal cases 
has not been very good because of the lack of 
symptoms allowing the tumors to reach a 
large size before removal. Although all showed 
evidence of malignancy, some appeared slow 
to metastasize. 

There was no evidence of acute adrenal de- 
ficiency following the removal of any of the 
tumors. 


TUMORS WITH SYMPTOMS DUE TO 
EXCESS ANDROGENS 


In the female child. The first case of tumor 
with symptoms due to excess androgens in 
modern literature was described by Thomas 
Cook in 1765. This was followed by Bevan 
and Romkild in 1802, Telesius in 1803, Ogle 
in 1865, and by Colcott, Fox, and Ogston. The 
occurrence of adrenal cortical tumors in female 
children naturally was early recorded because 
of the dramatic change towards male matu- 
rity. They are not frequent but form a con- 
siderable percentage of the recorded adrenal 
tumors. 

When the disease occurs before birth or in 
early infancy in the female child the symptoms 
have been described as pseudohermaphrodi- 
tism. Gallais theoretically thought that true 
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hermaphroditism could occur if adrenal cor- 
tical tumor occurred early in fetal life. When 
pseudohermaphroditism occurs after birth a 
hypersecretion of the adrenal cortex, especial- 
ly if due to tumor, may definitely be the cause 
of the syndrome. In these children all degrees 
of secondary sex anomalies are found from 
only a slight enlargement of the clitoris to an 
enormous size like a penis, accompanied by 
atresia or total absence of the vagina. The 
internal genital organs are usually small and 
sometimes deformed. There is often doubt 
about the true sex. 

From the work of Ivy, Green, and their co- 
workers, it is strongly suggested that the 
syndrome of pseudohermaphroditism of very 
early infancy when not due to adrenal tumor 
or hypertrophy may be the result of the effect 
of hormonal activity in the mother upon the 
fetus during gestation. 

The occurrence of female pseudohermaphro- 
ditism is not infrequent. We have studied 4 of 
these children, aged 3, 4, 5, and g years. The 
condition began early in life, with hyper- 
trophy of the clitoris, with the appearance of 
hair upon the genitals, excessive body growth 
for awhile, increase in musculature, deepening 
in voice, accelerated epiphyseal and dental 
development, and a higher mental aptitude 
than their age. In all, androgens were demon- 
strated in the urine. Air insufflation roent- 
genograms showed in all a bilateral increase in 
the size of the adrenals. Complete operative 
explorations showed female internal organs, 
the biopsies of the ovaries showed no testicular 
inclusions, and section of some of the adrenals 
showed only apparent age acceleration in the 
adrenal zones and cells. These children have 
been observed over a period of several years, 
as yet without recognition of an adrenal tu- 
mor. All have had amputation of the penile 
clitoris, and after section of the adrenals the 
androgen output diminished. 

That adrenal tumor can be the cause of 
such pseudosexual precocity is amply sup- 
ported by cases in-the literature. In a recent 
report Reilly, Lisser, and Hinman cite the 
case of a child of 22 months with pseudosexual 
precocity only, due to an adrenal cortical tu- 
mor, diagnosed by its effect upon the left kid- 
ney pyelogram. Microscopically it was a car- 
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cinoma of the adrenal cortex. They included a 
most thorough compilation of the literature 
of pseudosexual precocity, finding 40 cases, 
among which 2 definite tumors of the adrenal 
were successfully removed and 8 successful op- 
erations were performed for simple hyper- 
plasia. They found 3 reported cases of success- 
ful removal of aberrant adrenal tissue tumors 
producing the same syndrome. None of these 
cases presented the other symptoms asso- 
ciated with the Cushing’s syndrome. They 
found records of 10 patients in whom a tumor 
was present with the syndrome and who died 
during operation or within 3 days, 2 having 
some of the symptoms of Cushing’s type. They 
also recorded 15 cases in which no operation 
was performed and in which an adrenal corti- 
cal tumor was found on autopsy. In 8 of these 
cases obesity, bloatedness, flabbiness, glyco- 
suria, osteoporosis occurring among different 
patients—symptoms suggestive of some hor- 
monal influence of the Cushing’s type—were 
reported. 

The older prepuberty female children usual- 
ly do not menstruate even though the period 
of puberty has been reached. There have been 
4 recorded cases of menstruation, 1 by Bullock 
and Sequiera, 1 by Walters, Wilder, and Kep- 
ler, and 1 each by Riché and Gaudier. As yet 
no reports have been made upon the excretion 
of estrogens in these cases and there is a pos- 
sibility that these tumors may have elabor- 
ated steroids with such actions. Theoretically 
it is possible for such a tumor to occur pro- 
ducing female sexual maturity in a child, but 
none have as yet been recorded. 

The older children are more apt to develop 
a more general hirsutism on the face and lips 
as well as on the body. Deepening of the voice 
is frequently present. Of particular interest 
has been the transitory rapid growth, followed 
by closure of the epiphyses and later relative 
shortness of the individual. From recent ex- 
periments it seems as if this may be the effect 
upon the epiphyses of excess androgens (Rap- 
fogel, McCullagh, and McGurl). 

The operative results in these female chil- 
dren have been surprisingly good. The first 
successful removal of a tumor of a normally 
situated gland was done in a female child by 
Collett in 1924. Lisser was able to collect 7 
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successful cases up to 1939. From the de- 
scription of the cases, the successful results 
apparently were in those with only sex syn- 
dromes. Among the records of the unsuccessful 
results have been frequently recorded symp- 
toms suggestive of other metabolic changes. 
Ten patients dying at operation, or within 3 
days, suggest that beside surgical shock acute 
adrenal deficiency might have been responsi- 
ble. 

In adult females causing changes toward 
adult masculinity. In the female after puberty 
and before the menopause there occurs what is 
frequently called the adrenogenital syndrome. 
According to Wintersteiner this, in its broad- 
est sense, comprises all conditions in which the 
abnormal changes in the sexual sphere are 
referable to organic or functional disturbances 
in the adrenal cortex. In females it consists of 
the appearance of male secondary sex char- 
acteristics, and the repression of female char- 
acteristics and function. Apert called it adre- 
nal virilism. When the syndrome becomes es- 
tablished after puberty or later in life, hir- 
sutism is the first change noted, followed by 
irregularity or cessation of the menses, changes 
in the body contour, and enlargement of the 
clitoris. 

This type of virilism is not infrequent. We 
have examined several hundred females show- 
ing some or all of its symptoms. From thor- 
ough study of these cases we have found that 
the anatomical condition of adrenal gland 
often bears no definite relation to the type or 
severity of the symptoms. The glands with 
the syndrome may be often grossly normal, 
slightly or considerably hyperplastic. 

Tumor is not a frequent cause of the syn- 
drome. When tumor occurs the first symptom 
has been scantiness of menstruation followed 
by cessation. When the menses cease, the 
cessation has been complete. Frequently 
headache may occur at the time when men- 
struation should have occurred. Associated 
with the absence of menstruation has been a 
lack of sexual desire. Transfer of sex attraction 
to females was reported by Holmes followed 
by normal return to the opposite sex after re- 
moval of the tumor. Preceding the cessation 
of the menses, or coincidental with, or shortly 
afterwards, there is a marked increase of the 
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growth of hair on face, and body, all resem- 
bling the masculine distribution. Acne may 
occur on face or chest. The voice frequently 
becomes deeper and masculine in tone which 
has been explained as a lengthening of the 
vocal cords. 

Changes occur in the secondary sex organs, 
but this change is a slower one than that seen 
in the menses and the hair. The younger the 
individual the more pronounced are the sec- 
ondary sex changes. The usual sex organ 
changes are hypertrophy of the clitoris, deep- 
ening of the color of the labia, occasionally 
atrophy of the uterus and atrophy and loss of 
sensitivity of the ovaries. In young females 
the breasts may stay undeveloped, resembling 
a boy at puberty. In older women atrophy 
may occur. 

These changes have been shown to be as- 
sociated with the appearance of excessive 
amounts of androgens in the urine. The 
amount of androgens excreted is proportionate 
to the masculinity changes that have occurred. 
The amount may be far above that excreted 
by males. From one of our cases Gallagher re- 
ported 480 international units per day and the 
average value for normal male in his estima- 
tion was 40 international units per day. The 
highest recorded figure has been in the case 
described by Slot in which the excretion was 
2200 international units per liter. The male 
hormone isolated from the urine in some of 
these tumor cases has been identified as dehy- 
droisoandrosterone. 

Among our female adrenal tumor cases with 
hormonal syndromes, have been 2 in which 
the only apparent change was that which 
could be produced by excess androgens. 


Case 6. G.C., Chart No. 445624, Presbyterian 
Hospital, reported in 1936, aged 16 years, was ad- 
mitted in 1935 complaining of hair upon the face 
and body, a deep voice, and no menstruation. At the 
age of 13 she menstruated for 2 periods and then had 
complete cessation. Her hair became thicker and 
darker and grew on her face, arms, legs, and body. 
She sang bass and was troubled with acne. She had 
grown practically not at all since 13 years of age, 
but was very active and athletic. There was marked 
hypertrophy of the clitoris. The blood counts, chem- 
istry, basal metabolic rate, glucose tolerance, and 
visual field determinations were normal. X-ray film 
showed fusion of all epiphyses. The left kidney was 
lower than the right and intravenous pyelograms 
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showed normal anatomical and functioning kidneys. 
Air insufflation roentgenograms revealed a small 
right adrenal and a large adrenal tumor mass above 
the left kidney. She excreted in her urine 8 rat units 
follicular hormones in 24 hours. Male hormonal ex- 
cretion was estimated as 480 international units in 
24 hours. The left adrenal tumor was removed 
through an oblique subcostal transperitoneal ap- 
proach. Her recovery was uneventful and rapid. 
Her menses returned in 28 days and have been nor- 
mal for over 5 years. Her voice gradually registered 
higher. She has not grown since in height but her 
figure has become heavier and markedly feminine. 
The excess hair came off her body most markedly at 
menstruation, but her facial ‘“‘beard” has persisted, 
but to a less degree. Air insufflation roentgenograms 
of the right adrenal taken a little over 1 month after 
the operation showed that that adrenal had hyper- 
trophied. Estimation of her hormonal output 6 
months after operation showed that both were in 
normal range. 

Microscopic sections of the tumor showed areas of 
cells in loose strands arranged in masses and sheets, 
resembling in some places the reticulate zone and in 
others the glomerular zone but in most not resem- 
bling any particular area. No mitoses were seen but 
there was an apparent invasion of the capsule, and 
there were tumor cells in the blood vessels. A few 
areas of necrosis were present. There were also pres- 
ent numerous cells with vacuoles, which apparently 
consisted of lipoids. 

Case 7. R.R., Chart No. 571704, Presbyterian 
Hospital, aged 18 years, was seen in 1939 complain- 
ing of hair on face and body and lack of menstrua- 
tion. She had had normal menses from the age of 12 
up to 5 months before admission. She then missed 
1 period, which was followed by a scanty period and 
there had been none since. At the same time hair 
appeared on her upper lip, chin, cheeks, chest and 
buttocks. Hair grew long upon her arms and legs 
and became darker. Her voice deepened. She had 
no pain or any othersymptom. Her figure resembled 
a young male adult with male hair distribution. 
There was a hypertrophy of the clitoris and slight 
hypertrophy of the labia. The pelvic organs were 
normal except for a loss of usual ovarian sensitivity. 
There was no hypertension. The blood counts and 
the chemistry were normal. Basal metabolic rate, 
visual field, and glucose tolerance tests were normal. 
X-ray films of skull, chest, and abdomen showed no 
abnormality. Air insufflation roentgenograms showed 
an ovoid tumor of the outer portion of the left ad- 
renal. The right adrenal appeared normal. The ex- 
cretion of male hormone in her urine was approxi 
mately too international units in 24 hours. During 
the same period she excreted 33 rat units of female 
sex hormones. At operation an ovoid tumor of the 
outer portion of the left adrenal was resected from 
the inner or normal portion through a left oblique 
transperitoneal approach. She made an uneventful 
recovery. Her menses returned to hormal 2 months 
after operation. 
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Fig. 2. 
Fig. 2. Case 3. S.S., male, 36 years old, with left cor- 
tical adrenal tumor without hormonal changes. 
Fig. 3. Case 3. Air insufflation x-ray film of left adrenal 
tumor. The ovoid shadow superimposes upon the upper 
pole of the left kidney and the narrow compressed band of 


Microscopic sections of the tumor removed show- 
ed a small area of normal adrenal tissue. The re- 
mainder was a tumor resembling in portions the 
glomerular area but mostly either without definite 
arrangement or in spots resembling the fasiculate 
and reticulate zones. The cells varied in shape, the 
nuclei were mostly round, the cytoplasm was granu- 
lar, and at times sparse. There were no mitoses seen. 
Vacuolated cells probably containing lipoids were 
frequent. 

Following her operation her breasts increased and 
the hair became less upon her body. Her voice be- 
came higher pitched. In the 6th, rath, and 18th 
weeks following operation the excretion of hormones 
in her urine was 6 international units male hormone 
and 35 rat units female hormone in 24 hours. 

She progressed without change in her menstrua- 
tion but the hair remained upon her chin and neck. 
\n insufflation air x-ray film of her untouched right 
adrenal, taken in 1940, showed that the lower end 
had become rounded and wider. In March, 1941, 
she noticed that her menses had become scantier and 
that her hair growth was somewhat more vigorous. 
She was readmitted to the hospital and insufflation 
\ir x-ray films were taken showing that the lower end 
f the right adrenal had become rounded and resem- 
led a tumor. Her excretion of androgens in the 


irine had again increased above normal. 
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Fig. 3. 
normal adrenal is visualized, near the side of the body of 
the 12th thoracic vertebral body. 





Fig. 4. Drawing representing the tumor, the adrenal, 
and the kidney in Case 3. 
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Fig. 5. Air insufflation x-ray film of bilateral adrenal hy- 
perplasia in a female, 4 years of age, with pseudosexual 
precocity. There was no tumor in this case. 





Fig. 6. 

Fig. 6. Case 6. G.C., a girl of 16 with a tumor of the 
left adrenal with marked androgenic changes for 2 years. 
The left figure is before operation showing male torso and 
marked hirsuties. The right figure shows the change in 1 
month after tumor was removed. In this picture, the fig- 


She was again operated upon in April, 1941, anc 
an ovoid tumor the size of a plum was resected of 
the lower pole of the right adrenal through a lumba) 
incision. She made an uneventful recovery. Follow 
ing the operation she resumed her normal menstrua 
tion with the exception that they were accompaniec 
by premenstrual pains, the first that she had hac 
since the cessation of menses previous to the onse' 
of the left adrenal syndrome. 

Histological section of the right adrenal resemble 
that of the left. There were many cells containing 
lipoid vacuoles. 

These 2 cases presented tumors with secre 
tion of marked excess of androgens. The an 
drogens in both produced masculinization 
less in the case with less hormones and marked 
in the case of excessive excretion. The diag- 
nosis was confirmed in each by air insufflation 
x-ray films. 

Removal of the tumors in each of these 
was not accompanied by acute adrenal de 
ficiency because with only excess androgens 
secreted there was no reasonable expectation 
of function atrophy of the opposite adrenal. 
The uneventful recoveries support that rea- 
soning. Following the removal of the tumors 





Fig. 7. 
ure is feminine, the breasts have hypertrophied and the 
hirsuties is less. 
Fig. 7. Case 6. G.C., 4 years after operation. The figu: 
is still the same height, is decidedly feminine and wit! 
markedly less hirsutism. 
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the excretion of excess androgens in the urine 
disappeared and there was a gradual diminu- 
tion of the male characteristics and a restora- 
tion of the repressed female appearance and 
function. 





eC 
ac Changes in a male child toward adult mascu- 
‘a linity. The usual syndrome described with 
ag adrenal cortical tumor in a male child has 
ng been that of precocious puberty (pubertas 
praecox). In a very few cases tumors of the 
e pineal gland have been responsible for sexual 
n precocity in boys (Weinberger and Grant). 
n. Three cases have been reported as having been 
ec] caused by tumors of the testis (Sacchi, Mor- 
g- eau, Parkes-Weber, and Rowland). A number 
on of cases have been described in the literature 
without any proved cause. Among these has 
se been a description of its familial tendency 
le without tumor by Rush, Bilderback, Slocum, 
ns and Rogers under the term macrogenitosomia. i j a : : ; 
yn The occurrence of the syndrome as caused by , Me “ a = glen ge a oe ~—_ 
’ A » adrenals. The ovoid mass above the left kidney clearly 
al. adrenal cortical tumor is uncommon. Kepler _ shows as an adrenal tumor. 
a- summarized its frequency as 12 times among 
rs 37 known adrenal tumors in children, a pro- Among the earlier cases was that reported 








portion of about 2 female children with 
pseudo-pubertas praecox to 1 male with pu- 
bertas praecox. 


Fig. 8. 


Fig. 8. Case 7. R.R., 18 years, with a tumor of the left 


by Linser in 1903, a boy of 5 with a left 
adrenal tumor with metastases. The second 
was by Adams in 1905. Player and Lisser re- 





Fig. 9. 


Fig. 9. Case 7. R.R., 1 year after removal of a left 


adrenal tumor. Her figure and breasts are feminine but 
some hirsutism has persisted. 


th rrtical adrenal with androgenic changes for 6 months. 
er figure is male, her breasts flat. She has hirsuties. 
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Fig. 11. Case 7. Drawing showing the ovoid adrenal 
tumor growing from the outer portion of the adrenal; the 
inner portion was normal. 


ported that up to 1932 only 8 authentic cases 
were found in the literature and they added 
theirs as the oth. They also called attention to 





Fig. 12. Case 7. Air insufflation x-ray film of her normal 
adrenal at the time her left adrenal tumor was operated 
upon 


2 cases reported in the literature by Laborde 
and by Marquand, both of which had not been 
proved. 

Cases of the syndromes must occur rarely 
without reporting, either because of the marked 
advance of the disease before recognition, 
so that no operative procedure was under- 
taken and no autopsy was possible to prove 
the diagnosis. Broster in an exhaustive study 
of the subject recorded only 1 case of a male 
child with prematurity. Ian Fraser has recent- 
ly published the occurrence of precocious pu- 
berty in a child of 1 year. From the few cases 
recorded the occurrence of pubertas praecox 
with adrenal tumor in male children is among 
the rarer adrenal tumors. 

We have studied 5 male children with pre- 
maturity: 5, 6, 8, 11, and 11 years of age. The 
3 youngest presented masculine hair on geni- 
tals, body, beginning on the face, associated 
with enlargement of the penis. In these 3 the 
testes were not proportionately enlarged. The 
3 children were much larger than normal for 
their age and showed advance dentition and 
epiphyseal development. They had no adi- 
posity or other metabolic change. Two showed 
no change in sella, no evidence of pineal en- 
largement, no change in the thymus and nor- 


Fig. 13. .Case 7. Air insufflation x-ray film 1 year later 
showing the beginning of a rounded tumor growth of the 
lower part of the right adrenal. 
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mal sized adrenals by air insufflation x-ray 
films. One case, aged 6 years, showed a nor- 
mal adrenal on the right and a large adrenal 
on the left by air insufflation x-ray film. This 
was not confirmed because no operation was 
permitted and the case was removed from 
study after operation was suggested. 

Two boys, aged 11 years, showed marked 
hirsutism and hypertrophy of the genitals, in- 
cluding the testes. Their symptoms had been 
present, one for 8 and the other for 7 years. 
Their advancing maturity showed itself by 
fusion of all the epiphyses with apparent 
shortening of the extremities, and with their 
continued facial and muscular growth they 
resembled achondrodystrophic dwarfs but x- 
ray studies definitely disproved this dystro- 
phy. Both had prostatic secretion and sperm. 
One of these boys showed no apparent change 
from normal in his adrenals by air insufflation 
x-ray films. The other had an increase in size 
of his right adrenal. No determination of its 
pathology was possible as no operative proce- 
dure was permitted. These cases resembled 
closely the description of familial pubertas 


praecox reported by Rush et al. Fig. 15. Case 7. Drawing showing the rounded tumor of 
‘ the lower end of the right adrenal as disclosed at operation. 





Case 8. An additional case was observed by one 
of us (case of Dr. O. Pickhard) in a boy of 5 years in 


the terminal stage of the syndrome. This patient 
showed facial and neck obesity, as well as body 
obesity, genital hypertrophy, and a huge abdominal 
tumor. 





Fig. 14. Case 7. Air insufflation x-ray film 134 years after Fig. 16. Air insufflation x-ray film of a boy of 6 years 
peration, showing the increase in size of the rounded lower __ with prematurity. The right adrenal was normal, the left 
id of the right adrenal as compared with Figure 13. enlarged, whether hyperplasia or tumor not ascertained. 
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Fig. 17. Case 9. Air insufflation x-ray film in a male of 
53 with some feminizing symptoms. The left adrenal is 
definitely enlarged and looks like a tumor on its inner side. 
No operation permitted. 


Operative results on the few boys with the 
syndrome have had a very high mortality. 
In addition to the prematurity most obviously 
due to the effect of androgens, there appears 
very frequently symptoms suggestive of the 
changes seen with Cushing’s syndrome and 
probably resulting functional atrophy of the 
opposing adrenal. In Fordyce and Evans’ 
case practically no adrenal tissue was found 
at autopsy on the opposite side. Player and 
Lisser’s case, the first surgical recovery in this 
group, showed only the androgenic effect in his 
masculine maturity and in the acceleration of 
his epiphyseal growth. He showed no evi- 
dence of acute adrenal deficiency following 
the removal of his tumor and made an un- 
eventful recovery. 

TUMORS WITH EXCESS ESTROGENS 

Only 6 definite cases of tumors with excess 
estrogens producing changes in the adult male 
toward feminity have been reported. The first 
was by Bittorf in 1919, a male of 26 years noticed 
decrease in the size of his testes and enlarge- 
ment of his breasts. He became impotent and 
developed a tumor in the left side of his ab- 
domen. Cachexia and death followed, and au- 
topsy (Matthias) showed a ‘“‘malignant adre- 
nal cortical hypernephroma.”’ Zum Busch re- 


ported a similar case with secretion from his 
breasts and the cause verified by autopsy. 
Holl reported a patient, 15 years old who was 
operated upon, the diagnosis established, but 
the tumor impossible to remove. He reported 
a second patient, 44 years old, with similar 
symptoms in which the tumor was re- 
moved by operation and recovery. Following 
recovery there was a subsidence of breasts, 
adiposity, and varicoceles and a return of 
libido and sex function. Lisser published au- 
topsy findings in a male of 33 years with 
breast enlargement and secretion and an adre- 
nal cortical carcinoma. Simpson and _ Joll in 
1938 published an exhaustive investigation 
into a patient, aged 34 years, who had femini- 
zation due to an adrenal carcinoma and ex- 
creted an excess of estrogenic hormone (prob- 
ably estrone). The excess of hormone disap- 
peared after the operation and returned with 
the recurrence of the tumor in the form of me- 
tastases. From the report of their case it is 
apparent that considerable proof is offered to 
explain the symptomatology of theirs and the 
previous cases. 

Among the various cases referred to the 
Squier Clinic for adrenal determination was 
the following: 

Case 9. H.F., Chart No. 496269, Presbyterian 
Hospital, aged 53 years, was admitted in 1937 witha 
gnawing sensation in his stomach. He noticed that 
for 3 years before admission his hair had become finer 
than previously and was increasing over his body. 
He gained in weight and his breasts began to increase 
and be noticeable. He noticed a rather marked de- 
crease in his penis and testes and a complete loss of 
desire and libido. He became easily fatigued and 
nervous. Areas of pigmentation developed upon his 
hands, face, and neck. His blood pressure was low. 
He had a slight erythrocytosis, a normal sugar toler- 
ance, and normal blood chemistry. X-ray studies of 
his head and chest showed no particular abnormal- 
ity. Perirenal air insufflation x-ray films showed a 
large right adrenal and a marked increase in the size 
of his left. Hormonal studies were not made due to 
his departure. There was no determined cause for his 
feminization but from observation upon hundreds 
of air insufflation studies of the adrenals, he pre- 
sented a shadow which showed a left adrenal many 
times the size of that normally seen and from its 
anatomical change suggested adrenal pathology. 


From the few cases in the literature and es- 
pecially from the one reported by Simpson and 
Joll, the adrenal in these cases was directly 
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responsible for the feminization, and the 
adrenal tumor cells were the source of the 
estrogenic hormone producing the symptoms. 
It was also shown by Simpson and Joll that 
androgens were still excreted by their patient. 
They attempted to show that histologically 
their case differed from an adrenal cortical 
tumor producing androgens, in one case of 
such with which they were familiar. Both tu- 
mors had numerous vacuolated cells, probably 
lipoids. They were unable to find fuchsin 
staining granules in the cells of the estrogenic 
tumor but they were present in the cells of 
the virilizing tumor. In the estrogenic tumor 
the cytoplasms of the cells were reported as dif- 
fusely fuchsinophilic. They suggested that 
from some studies on normal adrenals it ap- 
peared that granules were present in males in 
the inner layer of the cortex. In females they 
were not present except in patients over 50 
years of age. Sudds in investigations on much 
larger number of adrenals, finding that gran- 
ules are present in both sexes, concluded that 
they had little to do with sex and considerable 
to do with age. 

Two of the reported patients with estrogenic 
tumors recovered from the operation when the 
tumor was removed and in neither was remov- 
al of the tumor followed by acute adrenal 
deficiency. 


TUMORS WITH SYMPTOMS DUE TO EXCESS 
ANDROGENS AND OTHER HORMONES 

From a study of the literature tumors with 
symptoms due to excess androgens and other 
hormones are not as infrequent as the others. 
In the large number of cases referred to us for 
determination of the adrenal status, this type 
appeared in many of the cases. A large number 
of the patients showed no apparent anatomical 
change in either adrenal. A considerable num- 
ber had hypertrophy of one or both adrenals. 
\ few had tumors as a causation. From the 
literature it probably is the most frequent 
type of tumor seen. 

The syndrome was described by Cushing 
ind he first suggested that it occurred with 
asophilic adenoma of the pituitary. The 
ymptoms and clinical picture of his syndrome 
ire characteristic of these types of adreno- 
ortical tumors. Cushing outlined a clinical 
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Fig. 18. Case ro. Air insufflation x-ray film in a woman of 
36 years with a smail right adrenal cortical tumor and a 
tiny left adrenal. Her symptoms were androgenic as well as 
of the Cushing’s type. 


picture consisting of a rapid, plethoric, painful 
obesity, affecting primarily the face, neck, and 
abdomen but usually sparing the limbs, thus 
giving rise to an obesity described as the 
‘buffalo type.’’ The facial changes made the 
eyes appear small and slit-like, resembling a 
pig’s eye. There was acrocyanosis, with pur- 
plish linear atrophiae on the lower abdomen 
and the thighs. Hirsuties was marked. There 
was a tendency toward polycythemia and hy- 
pertension and glycosuria was of frequent oc- 
currence, as were high blood cholesterol read- 
ings. With the syndrome was muscular weak- 
ness and porosis of the bones causing a cervico- 
dorsal stoop and a shortening of the stature. 
Amenorrhea was present in the females and 
impotence in the males. There was a marked 
susceptibility to infectious processes and to 
physical stress. Mental changes were present, 
and in some, well developed psychoses oc- 
curred. 

Since the description by Cushing, many re- 
ports have been issued as to the findings in 
these cases in which opinions have varied as 
to the causation. Some believe it mostly 
pituitary (Pardee). Others reported that it 
was more frequently associated with adrenal 
changes (Oppenheimer et al., Silver, etc.). 
Some similar syndromes have been reported 
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Fig. 19. Case 11. Air insufflation x-ray film in a woman 
of 40 years with a huge tumor of the right adrenal cortex. 
The air did not diffuse between the liver and the tumor be- 
cause those fascial planes were sealed by adhesions. 


as having been associated with thymic tumors. 
A few rare cases with obesity and hyperten- 
sion as well as hirsuties have occurred with the 
arrhenoblastomas described by Robert Meyer. 

From a study of the recorded cases with the 
probable causation factors as far as hormonal 
changes have been registered upon the patient, 
some of the changes could most likely have 
been due to the effects of excess androgens. 
These changes were the hirsuties, amenorrhea, 
and changes in the secondary sex organs as 
breasts and clitoris. Some of the cases ex- 
hibited these changes to a marked degree, 
others less. The fat deposits, the skin, the poly- 
cythemia, the hypertension, and glycosuria as 
well as the weakness and osteoporosis can best 
be explained by excess hormones present, dis- 
organizing such metabolic processes. Bauer 
called attention to the fact that these in their 
main effects were the opposite to Addison’s 
disease and that most of these individuals 
were suffering from an excess of metabolism 
steroids produced by the adrenal, either by 
itself or through stimulation of the pituitary. 
Considerable support to this has been offered 
by clinical observers and by investigators. 
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When tumor occurs the cases may vary 
from those with marked sex changes and mild- 
er Cushing type changes to those with less 
marked sex changes and mostly of the syn. 
drome described by Cushing. 

The following 3 cases show the variations: 


CasE to. I.P., Chart No. 450269, Presbyteriai 
Hospital, reported 1936, a married woman aged 3¢ 
years, was admitted in 1935 with loss of hair of he: 
scalp, excess of hair over her body, and absence o! 
menstruation for 3 years. She had become stoute: 
and was very nervous and had attacks of weakness. 
There was hypertrophy of her clitoris. She had a 
mild erythrocytosis but her chemistry, basal met 
abolic rate, etc. were normal. X-ray films of skull, 
chest, and abdomen showed no abnormality. Cys 
toscopy and pyelography were normal. Air insuffla- 
tion x-ray films showed an ovoid tumor of the right 
adrenal and a small left adrenal. She excreted 60 
international units of male hormones in 24 hours. 
During her study she was flighty and depressed at 
times and emotionally unstable. Her right adrenal 
tumor was removed through an oblique transperi 
toneal incision. She developed an acute adrenal de- 
ficiency, and in spite of saline, blood, and the then 
available cortical extracts, she died following a con- 
vulsion 32 hours after operation. No autopsy was 
permitted. 

The tumor on section was very cellular and not 
well encapsulated, and through most of the tumor 
were cells in sheets, cords, and nests. The cells were 
large with pale vesicular nuclei and indistinct nuclei. 
There was an occasional mitosis and tumor cells 
were found in the fat adjacent to the tumor. There 
were areas of necrosis. The cytoplasm of the cells 
was abundant, granular, and many were so vacu- 
olated as to be foamy. 

Case 11. L.F., Chart No. 249269, Presbyterian 
Hospital, reported in 1936, a female, aged 36 years, 
was admitted in 1929 with headaches, weakness, pal 
pitation, excessive growth of hair, and cessation of 
menses for 2% years. She was married and had two 
children. Her face and hands were reddened, dusky, 
and puffy and she had edema of shoulders and ab 
domen and striae of abdomen and thighs. There was 
marked acne of face and chest. There was an indis 
tinct mass in the right flank, a hypertrophy of the 
clitoris, and insensitivity of the ovaries. She showed 
an erythrocytosis, normal blood chemistry, a high 
basal metabolic rate, a low sugar tolerance, and hy- 
pertension. She excreted 8 rat units follicular hor- 
mones in her urine in 24 hours. X-ray studies of skull 
and chest showed no abnormalities. The right kidney 
was low but no abnormality by pyelogram. Air in- 
sufflation x-ray film showed a large mass above the 
right kidney. The air did not diffuse between the 
liver and the mass. This mass, an adrenal tumor, 
was removed through a transperitoneal approach. 
It was adherent to liver and vena cava. She deve'!- 
oped an acute adrenal deficiency in 24 hours but 
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Fig. 20. 

Fig. 20. Case 12. Air insufflation x-ray film in a woman 
of 40 years with androgenic symptoms as well as Cushing’s, 
showing a similar irregular mass above the right kidney 
resembling Case 11. 


recovered with saline and blood transfusions. Her 
menses returned after 2 months and her hair dimin- 
ished in amount. She returned to her marital status 
with return of libido. Six months later she developed 
headaches and her menses became scanty at first and 
then ceased. X-ray films showed lung metastases. 
The hair growth, duskiness of hands and feet, and 
edemas progressed. When she died no autopsy was 
permitted. 

The tumor on section showed that the morphology 
was almost identical in all parts. There was no re- 
semblance to a normal adrenal. There were many 
mitoses and cellular invasion of the stroma. Many 
cells were vacuolated and foamy cells were frequent. 

CasE 12. E.G., Chart No. 304917, Presbyterian 
Hospital, a female, aged 40 years, was admitted in 
1939 with complaints of hair on body, increased fat- 
ty deposits, and absence of menses. For several 
years her entire appearance had changed with gain 
of fat on face, neck, chest, and abdomen with loss 
of size of arms and legs. Her face, chest, and hands 
were reddened. She had marked striae on the abdo- 
men and thighs. With this change her menses had 
ccaused. She had dyspnea and edema of her feet. 
Hor clitoris and labia were enlarged. She had eryth- 
rocytosis, a normal blood chemistry, a low basal 
m«tabolic rate, and low sugar tolerance and a high 
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Fig. 21. 


Tig. 21. Photograph of Case 12, showing duskiness of 
hands and neck, cervicodorsal stoop, trunk and face 
obesity, and thinness of hands and legs, abdominal striae, 
and mild hirsuties. 


blood cholesterol reading. There was moderate hy- 
pertension and a rather moderate cervical dorsal 
stoop. X-ray films of her skull, bones, and chest 
showed no abnormalities. Air insufflation of the 
perirenal space showed an apparent large mass above 
a low right kidney resembling that in Case 11. There 
was no follicular hormone in her urine and only a 
small amount of follicle stimulating hormone was 
present. Male hormonal excretion determination 
was not done. She was not operated upon but con- 
dition became worse and she returned to Poland. 
Since then she has been untraced. 

These 3 cases appear to be illustrative of 
the variations produced by different effects. 
The first had well marked effects of excess 
androgens and moderate other metabolic dis- 
turbances and the last with slight change in 
sexual characteristics and well marked meta- 
bolic disturbances. These cases differed marked- 
ly from the 2 younger women in the emotional 
balance. In fact it seems as if the Cushing 
type tumor appears more frequently in the 
older group of women. The cases with only an- 
drogen syndromes were stolid, not nervous. 
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Fig. 22. 


Fig. 22. Case 13. Photograph of female aged 27 years 
with syndrome of Cushing’s type without androgenic 
changes. She had a tumor of her left adrenal cortex. 


took all examinations without any disturb- 
ance. Those with the other changes were 
nervous, apprehensive, and difficult to handle. 
The demonstration of the tumor by air in- 
jection became less clearly defined as the pa- 
tients developed fatty deposits and edemas. 
In 1 case, the second, the air did not diffuse 
between the tumor and the liver or around the 
mesial aspect. Operation disclosed that tumor 
adhesion had sealed the fascial planes in this 
area. The last patient, not operated upon, pre- 
sented a similar air infiltration x-ray film. The 
first case was proved to have an excess of male 
sex hormones excreted in her urine. The sec- 
ond case most probably had a large excess but 
at that period there was no satisfactory proc- 
ess available for its estimation. She, how- 
ever, excreted normal amounts of female hor- 
mones. The 2 patients operated upon develop- 
ed postoperative symptoms of acute adrenal 
deficiency. One patient died in spite of ther- 
apy now known as inadequate. The other 
patient recovered from her acute deficiency. 
We thought at first the recovery was brought 
about by our therapeutic endeavors but later 


Fig. 23. 
Fig. 23. Case 13. Air insufflation x-ray film in which the 
air diffusing poorly shows a normal sized right adrenal and 
a tumor of the left adrenal above her left kidney. 


experience leads us to think that the hormonal 
production of her unrecognized metastases 
may have played the major part in her re- 
covery. 


TUMORS WITH CHANGES DUE TO EXCESS 
CTHER STEROIDS RELATED TO METABOLISM 


Case 13. L.G., Chart No. 509497, Presbyterian 
Hospital, a female, aged 27 years, was admitted in 
1937 with a marked depression, melancholia and 
with a suspected endocrine pathology. Up to 2 years 
before admission she was a normal married woman, 
working as a journalist and editor. She then under 
went a marked change in personality, lost all interest 
in her surroundings, contacts, and body needs. At 
the same time her menses ceased and a fine silky 
growth of hair appeared upon her face, body, and 
extremities. There was no resemblance of male dis 
tribution. There was swelling and duskiness of face 
and hands, swelling of neck, shoulders, and abdomen 
with striae on her abdomen. She had a cervical 
thoracic stoop. She was apathetic and sat long peri 
ods without speaking or moving and walked falter 
ingly. She stated that she was mentally unbalanced. 
Her clitoris was small as were her pelvic organs. Sh 
had an erythrocytosis, a normal blood chemistry 
with high cholesterol readings. A low sugar toleranc: 
and a normal basal metabolic rate. There was mod 
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crate hypertension. The x-ray films revealed no ab- 
normalities of head, chest, or bones. Perirenal air 
insufflation x-ray films were difficult to read because 
of poor diffusion of the air. However, by serial read- 
ings a normal appearing right adrenal was identified 
and a triangular shaped tumor on the left was noted. 
There were no demonstrable male or female sex hor- 
mones in her urine by our ordinary comparative 
examinations. At operation a left adrenal tumor was 
removed through a subcostal transperitoneal inci- 
sion. She reacted excellently from the anesthesia 
and on recovery from unconsciousness was talkative, 
and chatty, greeted her relatives the first time since 
the onset of her syndrome and stated that she no 
longer felt unbalanced. Her relatives declared she 
acted like her former self. She was given large 
amounts of saline and commercial cortical extract 
then available. In 20 hours she developed acute 
adrenal deficiency, was benefited slightly by trans- 
fusion and cortical extract but died after a convul- 
sion in 23 hours after the operation. 

A complete autopsy showed Cushing’s syndrome 
(clinical) hirsutism (silky not masculine) adiposity, 
adenoma of adrenal cortex, left, (surgically remov- 
ed), atrophy of adrenal cortex, right; encephalo- 
malacia, frontal, right; fatty liver, normal ovaries, 
thyroid and pineal. In the pituitary, all basophiles 
showed marked hyaline changes in their cytoplasm. 
Partial to complete disappearance of the granules, 
vacuolization and disfiguration of the nuclei (Crooke 
syndrome). 

The left adrenal tumor showed a small group of 
cells alternating with much larger cells which had a 
foam cell appearance. The true adrenal cortical 
zones were not seen. The group of cells seen were 
large, polygonal, possessing oval nuclei with distinct 
nucleoli and were at times vacuolated. The foam 
cells appeared multinuclear with rather small nuclei 
and pale framework within the cytoplasm. A ten- 
dency to giant formation was rarely seen. 

This patient had the symptoms described as 
Cushing’s syndrome with cessation of men- 
struation, the only real change of sexual char- 
acter. No male or female urinary hormones 
were identified by the usual examination. The 
complete autopsy did not reveal any change 
in the pituitary except that described by 
Crooke. It is to be deduced that the adrenal 
cortical tumor produced the changes mani- 
iested by her symptoms for the 2 years prior 
to her operation. The death was due to acute 
adrenal cortical deficiency. The remaining 
adrenal was apparently atrophic and inactive. 
!n retrospect the tumor must have produced 
sterols in abundance as was evidenced by the 
histological sections in which most of the cells 
\ere foamy with lipoids. These sterols were 





Fig. 24. Case 13. A drawing of the tumor and kidney at 
the time of operation. 


neither of androgenic nor estrogenic influence 
as was shown by her symptoms and the 
failure to identify either in her urine. From 
her symptoms and acute death following the 
removal of the tumor they apparently had to 
do with the life maintenance properties of the 
adrenal. 


DIAGNOSIS WITH AIR INSUFFLATION 
X-RAY FILMS 


For the purpose of ascertaining the ana- 
tomical change in the adrenal gland we have 
used the x-ray studies of air insufflation into 
the perirenal fascial spaces. We have previous- 
ly reported upon this technique, as have 
Roome, Mencher, and others. Normal adre- 
nals are usually well visualized if sufficient air 
is introduced in the proper plane. The right 
adrenal more frequently shows as a long thin 
wedge between the liver and the psoas and the 
left as a less dense wider wedge or crescent 
above the left kidney. When tumor is present 
it is more clearly shown in thin people. The 
tumors are round when small, ovoid when 
larger, and may be lobulated when very large. 
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Section removed in Case 3, a male without 
hormonal symptoms. The cells in places are gigantic with 


Fig. 25. 


large amounts of cytoplasm and huge nuclei. Lipoid 
vacuoles are rare. All male cases without hormonal symp- 
toms had similar histology. 160. 


All of the tumors so diagnosed by us were con- 
firmed by operation. In a number of cases in 
which no tumor was shown on the air insuffla- 
tion x-ray films, but with some hypertrophy 
apparently present, operative procedures have 
always demonstrated that the adrenal was ex- 
actly as outlined. It was especially valuable 
when tumor was present and small and un- 
recognizable by any other method, except op- 
eration. It will also show the presence of the 
opposite adrenal if one is the seat of a tumor. 
In children and in thin adults the air diffusion 
is easy and gives clear shadows. In obese and 
especially in those with Cushing’s syndrome, 
the air diffuses poorly because of the fatty 
edema in the perirenal tissues. In these pa- 
tients a series of films may outline parts of the 
tumor so that a composite film may be made. 
For the purpose of demonstrating adrenal 
anatomy, in our hands the use of air insuffla- 
tion has been without complications and with- 
out fatalities. If used often it can lead to an 
increase in the fibrous tissue in the perirenal 
fat and by some this has been considered to be 
a hindrance during operation. Compared 
with the diagnostic aid obtained by its use in 
our hands, the increased fibrosis of the peri- 
renal fascia was of no consequence. 

The autographic x-ray film by the method 
of Reynaldo dos Santos has been used by 
some but the dangers of thorotrast have been 
since shown to make this media hazardous. 


HORMONES 


Androgens. The earlier work of the estima- 
tion of the androgenic hormones was by the 
capon comb growth. The method is better 
standardized but difficult and expensive. The 
colorimetric method when used, as by Callow, 
with proper caution as to procedure and inter- 
pretation, is simpler and less expensive and 
time may prove its value. There is definite 
agreement that virilism and adrenal cortical 
tumors are associated with high levels of an- 
drogen excretion and this high androgen ex- 
cretion declines to lower levels after operation. 

The determination of the particular hor- 
mone or hormones producing androgenic ef- 
fect is a difficult procedure, requiring high 
output values in the urine and large amounts 
for assay. The hormone of the adrenal that 
has been isolated in this manner has been 
shown to be dehydroisoandrosterone, a beta 
kesteroid and is different from the hor- 
mone of the testis, testosterone, an alpha 
kesteroid. Under certain conditions the beta 
kesteroids are greatly increased in quantity, 
as in patients with hyperplasia, adenoma, and 
carcinoma of the adrenal cortex, and may be 
of value in diagnosing Cushing’s syndrome 
due to pituitary basophilism from that due to 
adrenal cortical change. 

In the excretion of androgens there appears 
to be a rather definite relation to the amount 
of male virilism and with the amount of an- 
drogens in the urine. The more marked the 
symptoms, the higher the assay. 

Another kesteroid with androgenic action 
has been isolated from the urine, particularly 
that by Butler and Marrian (pregnane). This 
apparently was associated only with that 
adrenal tumor. The identification of this par- 
ticular kesteroid required large amounts of 
urine and with mechanics and talent not avail- 
able in many laboratories. Its identification 
was not useful for purposes of preoperative 
diagnosis. 

There is a need of a simple and fairly re- 
liable estimation of all the androgens excreted 
so that the results may be quickly available to 
be applied in a survey of the symptoms of 
each case. It is needed because the symptoms 
of androgenic excess are more frequent than 
any other. 
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Estrogens. Frank early called attention to 
the excretion of large amounts of estrogens in 
the urine of patients with the adrenogenital 
syndrome and with virilism. In our former 
article we called attention to the large or 
normal amounts so excreted. Slot and Kepler 
each reported cases in which there was no 
excess. In the series of Levy, Simpson, de 
remery, and MacBeth, a slight excess of 
estrogenic hormone occasionally occurred. 
In our present reported cases we have shown 
that in young girls with virilism due to a tu- 
mor a high amount of estrogens was ex- 
creted before the tumor was removed and 
continued unchanged after removal of the 
tumor and the virilism had recessed. 

Of particular necessity is the estimation of 
the estrogens in those rare cases of males 
with femininity due to adrenal cortical tumor. 
Here, Simpson and Joll have shown that ex- 
cess estrogens were evidently present before 
the tumor was removed, disappeared after the 
tumor was removed, and recurred with reap- 
pearance of the tumor. The estrogen excreted 
was considered to be estrone. 

The identification of other kesteroids as- 
sociated with adrenal cortical tumors is as yet 
in an unknown state. An increase in substance 
which maintains life was demonstrated in the 
blood stream of a patient with hyperfunction 
of the adrenal cortex (Cushing’s syndrome). 
The identification of like-maintaining sub- 
stances in the urine in normal persons and 
their increase under stress has been reported 
by Weil and Browne. There are as yet no re- 
ports upon cases of adrenal syndromes in 
which these other types of steroids have been 
identified in the urine, or whether their 
amount can vary according to the adrenal 
symptoms. 


OPERATIVE PROCEDURES 


Three different routes of approach have 
been used for removal of the adrenals (1) ex- 
traperitoneally, through the lumbar region, 
2) transthoracic route, and (3) transperiton- 
cal route. 

The lumbar route with extraperitoneal ap- 
roach has been used extensively in adrenal 
operations by Crile. It has been used for 
emoval of tumors by many operators. Wal- 
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Fig. 26. Section removed in Case 5, a female without 





hormonal symptoms. The tumor was of an aberrant 
adrenal. Sheets of cells of somewhat uniform size arranged 
in places resembling the different zones of the adrenal. 
Lipoid vacuoles are rare. The adrenal tumor from the other 
female without hormonal symptoms had similar histology. 
X 160. 


ters, with as extensive experience as any, has 
used this route and has done bilateral ex- 
posures to determine first the diseased side and 
second to observe whether there was an op- 
posing adrenal. Young devised an ingenious 
retractor fashioned after the rib-spreader re- 
tractor for chest operative procedures, and 
used the retractor for simultaneous bilateral 
exposure. The lumbar route has been used by 
us in adrenal operations upon the nontumor 
cases. It was used in 3 tumor cases: (1) a 
small pleochromocytoma of the adrenal, (2) a 
small tumor of the lower pole (Case 7), and 
(3) one of the larger nonhormonal tumors oc- 
curring in a male. This latter was difficult to 
deliver, was attached to the anterior capsule 
of the kidney, and the tumor ruptured through 
the capsule when attempts were made to 
visualize the tumor vessels before clamping 
and ligature. It was necessary to remove the 
kidney with the tumor. 

The transthoracic approach was used by 
Broster in cases of nontumor adrenogenital 
syndromes. This, he claimed was the easiest 
approach in view of the fact that the adrenal 
vessels allowed a slight range of upward move- 
ment. It has, however, the disadvantage of 
creating an artificial pneumothorax. It also 
was necessary to do a preliminary laparotomy 
for exploration of the adrenals by palpation, 
and then after recovery to perform the main 
operation by the transthoracic approach. 
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Fig. 27. Section of tumor removed in Case 6, a female 
with only marked androgenic symptoms. The cells stain 
deeply, are large in places but not like the nonhormonal 
male. The cytoplasm contains abundant granules and also 
many lipoid vacuoles and some foam cells. X 160. 


We have felt that with both the lumbar and 
transthoracic route, the operator is too handi- 
capped by the inadequacy of the incision and 
the impossibility of ligation of the vessels be- 
fore the tumor is manipulated. It also is im- 
possible to be familiar with the location of the 
other viscera and vessels from within the 
limited area above the renal pole. We think 
that either will give an adequate exposure for 
small normal or slightly enlarged adrenals. 
We have had no experience in the bilateral in- 
cisions of Young in adults or in cases with tu- 
mor. It is satisfactory in children with small 
hypertrophy of the adrenals and may be with 
tumor. 

The transperitoneal approach that we rec- 
ommended in our former report has been to us 
most satisfactory for an adequate exposure 
and to offer the greatest freedom in proper 
handling of a tumor, especially if it is large. 
The direction of growth of a tumor of the 
adrenal is downwards and anterior, both in 
the direction of the incision. The location of 
other viscera and of the vessels is easier and 
the reparation of the posterior peritoneum is 
possible quickly and well. There have been no 
weaknesses in the abdominal wall subsequent 
to the operation. 


POSTOPERATIVE ACUTE ADRENAL DEFICIENCY 


Many cases have been reported with what 
has been described as shock occurring im- 
mediately or shortly following the removal of 





an adrenal tumor. Cecil stated that 39 per 
cent died of this shock and that 66 per cent 
had severe shock from which 27 per cent of 
all patients operated upon recovered. The 
other 33 per cent apparently had no shock. 
It is now accepted by most clinicians and 
investigators that the characteristic collapse 
is that of acute adrenal cortical deficiency. We 
have seen this collapse in the removal of a 
renal carcinoma which, invading the adrenal, 
necessitated the adrenal’s removal with the 
perinephritic fat and the tumorous kidney. 
The collapse terminated fatally and autopsy 
disclosed that the only metastases from the 
renal tumor were in the opposite adrenal 
which had been destroyed. From a perusal of 
the literature and from our own experience it 
does not occur in the nonhormonal adrenal 
cortical tumor cases, or in the pure sex hor- 
monal type cases but occurs in those which 
show the effects of excess hormonal action 
upon many metabolic factors, the electrolytes, 
the water and salt balance, the capillary per- 
meability, in fact the symptoms seen in the 
Cushing’s type, whether in children or in 
adults. It has been advanced on reasonable 
grounds that in these cases the changes can 
only be produced by excess hormones. It has 
been shown experimentally that excess life 
maintenance substance can cause atrophy of 
the adrenals. Clinically in those cases ending 
fatally it has been shown that contra-adrenal 
atrophy is present with the Cushing type tu- 
mors. It has been our experience to have a 





Fig. 28. Section of tumor removed in Case 7, a femal 
with only androgenic symptoms. The cells are fairly uni 
form, stain deeply, have numerous fine granules, and man) 
lipoid vacuoles and some foam cells. X 16c. 
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patient of this type recover from the adrenal 
collapse without administration of a potent 
adrenal extract but later recognition of se- 
creting metastases elsewhere offered the ex- 
planation. Broad and Broad reported such a 
case in which they first attributed the recov- 
ery to frequent administrations of adrenaline. 

Walters and Kepler stated that the most 
important factor in surgical therapy of adrenal 
cortical tumors is the anticipation, preven- 
tion, and control of postoperative cortical de- 
ficiency. In this we concur but call attention 
to the mechanism as mostly only occurring in 
those of Cushing’s syndrome, because with 
the androgenic type tumor there is no func- 
tional atrophy of the opposing adrenal. 

The method is that used in the crisis of 
Addison’s disease, having on hand and ad- 
ministering preoperatively and postoperative- 
ly potent adrenal hormone. A potent extract 
of the cortex may be used as furnished by 
Kendall to Walters and Kepler, or desocycor- 
ticosterone in adequate doses may be used. In 
addition to the hormone there is administered 
by oral or parenteral administration adequate 
amounts of sodium chloride and sodium cit- 
rate. Since the marked cases of Cushing’s 


syndrome have an erythrocytemia, but ap- 
parently a marked diminished blood volume, 
an immediate postoperative transfusion is nec- 
essary. It is considered possible that a diet 
low in potassium might be of value for some- 
time preceding the operation. 





Fig. 29. Section of tumor removed in Case 11, a woman 
ith androgenic and Cushing’s symptoms. The cells are 
niformly of carcinoma, some granules in the cytoplasm, 
nd many lipoid vacuoles and foam cells are present. X 160. 
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Fig. 30. Section of tumor removed in Case 13, a woman 
with only Cushing’s symptoms and no androgenic changes. 
The entire tumor was composed of huge cells filled with 
lipoid vacuoles, like foam cells. Only in a few places were 
cells containing granular cytoplasm as is shown in this 
field. X160. 


In 1937 Ingle and Kendall reported that 
they were able to prevent the atrophy of the 
adrenals experimentally when large doses of 
active adrenal cortical substances were given, 
by the use of an anterior pituitary extract 
which had high adrenotrophic activity. To 
date there has been no report as to its effects 
given preoperatively upon the Cushing syn- 
drome cases, to produce reactivity of the op- 
posing functionless adrenal cells. 

Walters and Kepler believe that they have 
been able to tide the patient over the crisis by 
replacement therapy and that the remaining 
adrenal tissue will regain its capacity to pro- 
duce a sufficient amount of hormones to meet 
the needs of the body. Since the potent 
steroid has been available we have not had a 
marked Cushing’s syndrome type tumor, and 
from our experience, those cases with andro- 
genic changes do not need replacement ther- 
apy if an opposing adrenal can be demonstrat- 
ed by air insufflation x-ray film. 


PATHOLOGY 


The tumors were either adenoma or car- 
cinoma. The adenomas were soft, encapsu- 
lated tumors and histologically did not show 
any invasive characteristics. The cells were 
typical of the adrenal cortex of no particular 
zone and showed lipoid vacuoles which com- 
pared roughly in number with the degree of 
hormonal changes. 
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The carcinomas varied. In the 2 nonhor- 
monal tumors in male adults the cells were 
frequently of giant size with giant nuclei. 
They resembled various parts of the adrenal. 
Lipoid vacuoles were rare. Sections of the 
specimens obtained from the females without 
hormonal syndromes again resembled each 
other. They differed from similar males in the 
relative rarity of the giant cells and nuclei and 
the variability of their appearance. At times 
sheets of cells resembled the glomerular zone, 
other places the fasiculate, and again the 
reticulate. In other places they were undif- 
ferentiated. They resembled sections of renal 
hypernephromas. In the cells lipoid vacuoles 
were infrequent. 

Sections of the carcinomas associated with 
hormonal changes varied. One showed inva- 
sion of the capsule and cells in the blood ves- 
sels. The cells were in sheets resembling some 
parts of the adrenal cortex, more frequently 
the glomerular and reticulate layer. Numer- 
ous vacuoles were present. The other had 
cells mostly undifferentiated with many mi- 
toses and numerous vacuoles present. The 
number of cell vacuoles again roughly ap- 
peared to vary with the amount of hormonal 
changes. 

The more the syndrome approached the 
Cushing type, the more marked was the 
amount of vacuoles which were present. In 
the last case with only the syndrome of the 
Cushing type present, the number of vacuoles 
present was so great that most of the tumor 
was composed of foam cells. 

In review of our attempts to correlate the 
finding of fuchsinophile granules with the 
symptoms of the disease has still left us unable 
to decide whether their presence has or has not 
any particular association with the various 
types of cases. 

Fuchsinophile staining of the cytoplasm 
was present in all the tumors, in some diffuse- 
ly, and in others in granules. It apparently 
was more pronounced in cases with hormonal 
syndromes. 


SUMMARY 


1. Adrenal cortical tumors may occur with- 
out hormonal syndromes or with hormonal 
syndromes. 


an excess of androgens or estrogens or other 
as yet unidentified hormones. 


type and amount of hormone or hormones 
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2. The hormonal syndromes may be due to 


3. The syndromes are determined by thx 


produced and by the sex and age of th 
patient. 


quately shown by air insufflation x-ray films. ff 


4. The status of the adrenals may be ade 


5. Removal of adrenal tumors by the trans- 


peritoneal route is surgically best. 


mostly, in those with symptoms described as 
Cushing’s syndrome. 


which is used in the acute deficiency crisis in 
Addison’s disease. 


the hormonal syndromes have cytoplastic lip- 


oid vacuoles in amounts comparable to the 
symptoms. 


=e. 
19. 


20. 


22. 


6. Acute adrenal deficiency occurs only, or 


7. The therapy of this is similar to that 


8. Histologically the tumors that produce 
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FUNCTIONAL DISTURBANCES OF THE CHOLEDOCHUS AND 
HEPATIC BILE DUCTS 


PABLO L. MIRIZZI, M.D., F.A.C.S. (Hon.), Cérdoba, Argentina 


N 1917, surgeons believed that spasm, or 
increased tonicity, of the sphincter of 
Oddi, was the factor which, by mechani- 
cal action, caused biliary pain and 

jaundice. Shortly afterward, results of ex- 
perimental research were reported which 
showed that cholecystectomy is frequently 
followed by incontinence of the sphincter of 
Oddi which in turn is followed by muscular 
hypertrophy of the sphincter, as reported by 
Rost. In 1925, Del Valle reported his obser- 
vations on obvious stricture of the papilla of 
Vater seen during operation performed on 
cholecystectomized patients suffering from 
pain crises. 

Further reports of experiments, as well as of 
findings during operations and of postopera- 
tive observations, directed the attention of 
surgeons to the sphincter of Oddi. In 1929, 
Westphal, Gleichmann, and Mann (34) were 
able to establish that, from a functional point 
of view, the antral upper part of the sphincter 
of Oddi is vagotonic whereas the lower part 
is sympathicotonic, as shown by faradic irrita- 
tion in association with pharmacodynamic 
substances. 

About the same time that functional dis- 
turbances in animals were reported, I ob- 
served, by means of operative cholangiog- 
raphy, spasms of the sphincter of Oddi in 
patients whose biliary tract had been op- 
erated upon. 

In 1930, Nanu, Muscel, and Pavel reported 
cases of jaundice due to reflex spasm of the 
sphincter of Oddi which was classified as 
functional jaundice. Other cases were re- 
ported by Pavel and Jonckheere. More re- 
cently, several surgeons and research workers, 
including Walters and Doubilet and Colp (10), 
observed by means of manometry in addition 
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to postoperative cholangiography, the presence 
of spasm after the administration of certain 
substances. 

In 1940, I presented before the National 
Academy of Medicine of Buenos Aires a series 
of clinical observations and roentgenograms 
made during the operation which indicated 
that the existence of abnormal spasm of the 
hepatic duct was capable of producing biliary 
stagnation (21). 

Method used. I studied the functions of the 
biliary tree by means of operative cholangi- 
ography. The procedure (19) consisted in the 
majority of cases in injecting through the 
cystic duct from 3 to 5 cubic centimeters of 
iodized poppyseed oil at the rate of 1 cubic 
centimeter a minute. A slow injection is im- 
portant in order to prevent a sudden disten- 
tion of the biliary tree. By this method the 
operation is performed under the best physi- 
ological conditions; the:registered phenomena 
can be correctly interpreted and, at the same 
time, the pathological conditions can be 
clearly differentiated from the normal. Up to 
the present, this study includes 800 cases of 
biliary lithiasis which have been system- 
atically observed by means of operative 
cholangiography. 


THE SPHINCTER OF ODDI 


The majority of surgeons believe that a 
more or less prolonged spasm of the sphincter 
of Oddi is the only cause of biliary stagnation. 
They believe that the free flow of bile is ob- 
structed by the increased tonicity of the 
sphincter, the intensity and rhythm of which 
are controlled by several factors, in partic- 
ular by diseases of the gall bladder and 
concretions. 

The Chinese aphorism “‘the sum of the parts 
is not the total” can be applied to the field of 
medicine. The ‘functional factor” which, ac- 
cording to Bergmann, is the primum movens in 
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the development of anatomic lesions escapes 
detection and cannot be identified by the 
senses. 

Though one does not deny that purely 
functional phenomena are the predominant 
pathogenic factors, it is doubtful that they are 
the only ones, and it becomes less doubtful 
when one observes cases of evident permanent 
obstruction to the flow of bile which has 
lasted for several years and has been con- 
trolled only by means of an operation for 
drainage of bile. 

Nowadays, in accordance with the modern 
trend of surgery based on clinical observa- 
tions at each and every operation one can 
state by physiological standards that in the 
presence of any abnormal condition the living 
body has an anatomic substratum which exists 
only during life but which either disappears 
when death takes place or is transformed by 
death. 

Hypertrophy of the sphincter of Oddi. The oc- 
currence of hypertrophy of the sphincter of 
Oddi after cholecystectomy has been estab- 
lished beyond doubt by experimental research 
(Rost). Therefore, it is logical to assume that 
the same thing occurs in man. It is also 
logical to believe that hypertrophy is one of 
the factors producing a resistant papilla. The 
same phenomenon is frequently found in the 
cardia and in the rectum, in which the ob- 
structive agent is the sphincter with its 
marked hypertrophy. 

It is important to understand that a per- 
manent, real anatomic factor is always added 
to spasm. The increased amount of contrac- 
tile tissues about the sphincter, which con- 
flicts with the anatomic and functional condi- 
tions of the common bile duct under control 
of the sphincter, favors the production of 
stagnation. Similar physiopathological facts 
are necessarily present in some cases, even in 
noncholecystectomized patients, because lith- 
iasis in itself creates conditions similar to those 
which follow cholecystectomy. Moreover, 


lithiasis is equivalent to cholecystectomy in 
man. The local edema, hyperemia of the tis- 
sues and local congestion, in addition to 
hypertrophy of the sphincter, will complete 
the transient sphincteral obstruction or else 
they will prevent complete closure of the 
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sphincter in the intervals of muscular relaxa- 
tion. Infection may be a helpful, although not 
an indispensable, factor. 

It is possible that in the 8 cases reported by 
Strauss the pathogenic mechanism corre- 
sponded to the aforementioned physiopath- 
ological facts. Strauss’ patients complained 
of pain crises simulating hepatocolic pain 
without jaundice. At operation it was found 
that the gall bladder was inflamed but without 
stones; pericholecystitis was present and the 
hepatic and common bile ducts were dilated. 
Cholecystectomy was performed, but shortly 
afterward the patients suffered attacks similar 
to those which they had had before operation. 
A second operation was performed. It was 
found difficult to insert even a fine catheter 
through the lumen of the ampulla of Vater 
which was of increased consistency and the 
seat of infiltration. The patients were sub- 
jected to dilatation of the lumen of the am- 
pulla of Vater; 4 were operated on a third 
time for recurrence of attacks. This time, 
choledochoduodenostomy was successful. In 
some of the patients the ampulla of Vater was 
the size of a nipple, was red, inflamed, and 
congested. 

Anatomic obstruction. The more attention 
one gives to the anatomic obstruction of the 
sphincter of Oddi the more significant are the 
clinical observations. A series of cases pre- 
senting permanent obstruction at the sphinc- 
ter of Oddi have been reported during the last 
few years, by Haberer, Sturm, Melchior, 
Floercken, and Colp and Doubilet (6). The 
existence of the anatomic substratum of steno- 
sis of the papilla of Vater in the presence of 
gall-bladder disease either with or without 
calculi or concretions is frequent, whereas it is 
rarely observed at necropsy—a factor which 
depends on the many changes which take 
place during life. Physiological conditions 
may change at any time; a stricture of the 
duodenal papilla may disappear with the con- 
sequent restoration of normal tonus in the 
sphincter of Oddi as well as the re-establish- 
ment of the normal morphology of the biliary 
tree. 

Physiological investigations are being car- 
ried on with due consideration of the fact that 
the elimination of bile through the hepatic and 





308 


common bile ducts is the explanation of the 
harmoniously co-ordinated functions in which 
peristalsis of the common bile duct, contrac- 
tion of the hepatic duct, and the tonus of the 
sphincter of Oddi are equally important. From 
pathogenic and physiological angles, a papilla 
of Vater of normal patency in the presence of 
hypertrophy of the common bile duct con- 
stitutes a more or less evident obstacle to the 
papilla. Dilatation of the biliary tract in- 
dicates a functional disturbance even in the 
absence of any anatomic lesion. A spastic 
hypertonic papilla in a choledochus with nor- 
mal tonus is also an obstacle against which the 
duct reacts with detrimental effect to its 
energy and muscular ability, thus producing 
dilatation of its lumen and elongation and 
sinuosity of the duct. 

The study of tranverse sections of the distal 
choledochal segment including the sphincter 
of Oddi revealed, in 50 per cent of the cases of 
lithiasis, evident muscular hyperplasia, es- 
pecially annular hyperplasia, and a moderate 
hyperplasia of the longitudinal and oblique 
muscular fibers. 

Muscular hyperplasia was so great in these 
cases that, after further evolution, it caused 
the limiting zone between the muscular rings 
of the sphincter to disappear. Increase of the 
connective tissue was also observed in some 
cases, especially in those in which muscular 
hyperplasia did not occur. Increase of both 
the muscular and connective tissues occurred 
in some cases (Westphal, 33). These anatomic 
changes may take place in the choledochal 
segments of the sphincter of Oddi, even 
though the common bile duct does not contain 
stones. 

Choledochitis and anatomic obstruction of the 
papilla of Vater. In 1908, surgeons of the 
French school, especially Gosset, discussed 
before the Congress of Surgery in Paris the 
réle of stenotic and nonstenotic inflammation 
of the common bile duct without stones in the 
production of biliary stagnation and in the 
development of jaundice. Later, Charrier and 
Thalheimer, also surgeons of the French 
school, reported their observations in 27 cases 
of choledochitis without concretions and de- 
scribed the lesions which were observed in the 
common bile duct, the hepatic duct, the gall 
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bladder, and the pancreas. A group of cases 
of choledochitis, which is secondary to chole- 
cystitis and biliary stagnation and which 
follows the evolution of these conditions, is 
clearly differentiable in the 27 cases. The 
appearance of the common bile duct in some 
cases of this group resembles a pipe (the so 
called tuwyau de pipe of French surgeons). The 
lumen of the duct becomes narrower with 
each recurrence of the inflammation until final- 
ly it is so small that even a fine probe can- 
not pass through. In such cases, the phenom- 
ena of biliary stagnation are aggravated by 
the spasm of the sphincter of Oddi. Chole- 
dochitis is an added factor of irritation 
(Brocq). Cases of either partial or diffuse 
inflammation of the common bile duct con- 
stitute a group of surgical cases of choledo- 
chitis in which interstitial sclerosis involves 
not only the walls of the duct but those of 
the ampulla of Vater as well (Chabrol and 
Klotz). 

Argentinean surgeons, especially Del Valle, 
called attention to a group of cholecystecto- 
mized patients who had been operated on for 
the so called choledochal syndrome, namely 
hepatocolic pain; Oddi’s sphincter was stenot- 
ic (retractile choledocho-odditis). The proc- 
ess of inflammation was verified by micro- 
scopic studies. I have in my files the record 
of a case of choledochitis with stricture of the 
papilla of Vater. A brief résumé of the record 
follows: 

“Series 1. Case 24. A woman, aged 4o years, 
suffered from repeated attacks of hepatic pain and 
jaundice which were over as quickly as they ap- 
peared. An enlarged gall bladder (the size of a 
duck’s egg), 15 centimeters in length, without stones 
and with thick walls, was surgically removed. The 
cystic duct was in free communication with the com- 
mon bile duct, which was like a rigid tube, the size 
of the little finger. Its walls were 2 millimeters 
thick. A stricture of the ampulla of Vater and the 
absence of calculi were disclosed by means of 
operative cholangiography. Papillary fibrous stric- 
ture was found during duodenostomy. The ampulla 
of Vater was incised. The patient recovered.” 

Nomenclature. The names applied to the 
alterations in the sphincteral segment of the 
common bile duct vary widely because of the 
lack of consistency in the understanding of 
their etiology and pathogenesis. They in- 
clude “spastic cholepathy” (Schmieden and 
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Niessen, 27), “dyssynergia of the common bile 
duct” (Best and Hicken), “biliary dyskinesia” 
(Ivy), ‘“papillitis,” ‘“sphincteritis” (Walters), 
‘resistance of Vater’s papilla,’’ “scleroretrac- 
tile choledocho-odditis” (Del Valle). 

Classification. Any extreme classification 
will be either insufficient or exaggerated. I 
believe that the term “odditis’”! for all the 
phenomena of obstruction will properly cover 
the field. Odditis is then divided into dys- 
tonia and stenotic odditis. 

Dystonia is evidently exhibited as a func- 
tional disorder—there is incomplete closure of 
the sphincter due to spasm in the distal sym- 
pathicotropic part of the sphincter only. This 
functional disturbance causes a reflux toward 
the duct of Wirsung. The phenomenon must 
occur in a larger number of cases than is shown 
by operative cholangiography. The two ducts 
do not open into the ampulla of Vater in all 
cases, and also it may not be possible to detect 
the phenomenon in the operative cholangio- 
gram (see Fig. 3). Dystonia may be compared 
with the type of dysthyroidism of the dualists; 
whereas early stenotic odditis may be com- 
pared to hyperthyroidism. The former is due 
to a dissociated function, whereas the latter 
is due to an increased one. Therefore, the 
name dystonia is proper for that functional 
disorder. 

Stenotic odditis is a term applied to any 
type of resistance of the ampulla of Vater 
without specifying the causes of the more or 
less permanent obstruction at the sphincteral 
segment. In some cases the resistance is due 
to true total hypertonicity of the sphincter 
of Oddi. Sclerotic retraction occurs only in 
rare cases. 

Now then, operative cholangiography deals 
with the problems of the various types of 
dystonia and stenotic odditis with an essen- 
tially physiological criterion. Moreover it ful- 
fills all the requirements necessary to reduce 
the causes of error to a minimum: The injec- 
tion of the opaque substance is made slowly 
and in very small amounts; thus distention of 
the bile ducts and the entrance of foreign mat- 
ter in the hepatocholedochal system are pre- 


vented and the anatomic integrity of the ducts 
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is well preserved. The main objection to the 
use of large doses of opaque substance is that 
such doses provoke phenomena of spasm and 
thus facilitate the immediate entrance of the 
injection material into Wirsung’s duct. This 
occurrence may lead the surgeon to believe 
that there are biliary disturbances present. 
The latter can also be erroneously suspected 
from the enormous dilatation of the biliary 
tree which was caused by the injection but 
which can be wrongly interpreted as being 
caused by stagnation. Examination of the 
bile ducts through a fistula or with a T-shaped 
tube should be even more severely criticized. 
Choledochotomy, the presence of a tube in 
the lumen of a delicate duct, the increased 
pressure, and the large dose of opaque sub- 
stance in the bile ducts are factors which 
necessarily disturb the physiology of the ducts 
and modify their morphology. 

Dystonia. In accordance with the hypo- 
thetical statement previously made concern- 
ing the normal physiology of the hepato- 
choledochal system, the common bile duct 
evacuates its contents through the papilla of 
Vater while in relaxation. Any factor which 
partially disturbs the contractile mechanism 
of the papilla produces dystonia, which may 
be compared with experimental hypotonic 
stagnation (Westphal) provoked by the con- 
traction of the sympathicotropic portion of 
the sphincter of Oddi. Quick entrance of the 
opaque substance (lipiodol) into the duct of 
Wirsung during operative cholangiography is 
a clear indication of dystonia. It is possible 
that in a certain number of cases transient 
spasms of a dissociated character are not 
noticeable during the operation because of the 
lack of reflux into the pancreatic duct, due to 
the absence of the ampulla of Vater. Cases 
of this type, under the circumstances, are 
therefore included in the group of stenosing 
odditis. In our series 4 per cent of cases were 
classified as dystonia. 

Some investigators (Desplas, Moulonguet, 
‘and Malgras) believe that the entrance of an 
opaque substance into the duct of Wirsung 
has no pathological significance. They are led 
to this conclusion because of their method of 
carrying out the operation: the injection into 
the gall bladder or into the common bile duct 
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of a large dose of the opaque substance with 
increased pressure, sometimes through a fis- 
tula or by means of a drain tube. 

The circumstances under which operative 
cholangiography is performed vary, and one 
may conclude that the flow of the opaque 
material into the duct of Wirsung when not 
caused or provoked by a defective method of 
injection is far from being a mechanical and 
passive phenomenon. One is convinced that 
the flow into Wirsung’s duct is an active 
phenomenon which is caused by the current 
of the biliary tree flowing into the pancreatic 
tree. This would seem to indicate that at 
certain times the current flows in an opposite 
direction, namely, from Wirsung’s duct to the 
biliary tree. Several factors indicate that the 
entrance into Wirsung’s duct is an abnor- 
mal, active phenomenon of pathological sig- 
nificance which might explain the disturbed 
function (dystonia). Some of these factors 
are: 

1. The unmistakable evidence during ob- 
servation of the two different phases, namely: 
in the first phase, total closure of the ampulla 
of Vater, and in the second phase, partial 
opening of the ampulla with persistence of the 
sympathicotropic ring of Oddi’s sphincter 
by which the flow of the opaque substance 
into Wirsung’s duct is permitted (Figs. 1 
and 2). 

2. The fact that in certain cases the opaque 
substance may be seen in the first film occupy- 
ing only the terminal segment of Wirsung’s 
duct and, shortly after, the substance may 
be observed filling the entire duct (Figs. 3 
and 4). 

3. The contour of the duct is modified by 
pre-existing stagnation. The duct looks sin- 
uous, moniliform, and increased in diameter. 
The fusiform dilatation of the segment of the 
duct near the ampulla of Vater indicates that 
the excretory functions of the duct are patho- 
logical. The ampulliform aspect of the ter- 
minal segment of the duct is the most evident 
proof of stagnation which, little by little, 
modifies the architecture of the duct at the 
part where it opens into the ampulla of Vater 
(Figs. 2 and 5). 

4. The associated lesions and the further 
progress of the disease, as observed in a group 


of patients with dystonia, seemed to indicate 
intimate relations between the two excretory 
systems. Cholecystitis dissecans, also called 
exfoliative cholecystitis, was present in 1 case. 
In another case, the presence of a calculus and 
reflux into Wirsung’s duct were observed dur- 
ing operative cholangiography (Fig. 5). In 
this case Kehr drainage was applied and the 
fistula healed well. Later, however, the com- 
mon bile duct ruptured with consequent 
choleperitoneum. In other patients not prop- 
erly treated for stagnation, the crises of pain 
recurred repeatedly as a result of functional 
disturbances and the patients had to submit 
to other operations. 


ROENTGEN ASPECTS 


Dystonia. The retention of injected ma- 
terial in the pancreatic duct is transient. 
Within a few minutes, when the sphincter is 
in complete relaxation, the duct empties its 
contents at the same time that the contents 
of the biliary tree are evacuated. The duct of 
Wirsung in the cholangiograms appears sin- 
uous, dilated, and moniliform, that is, it has 
a morphological aspect which indicates re- 
peated increased tension on the duct, both 
because of the stagnation of the pancreatic 
secretion and because of the reflux of bile. In 
cases of dystonia, the biliary tree is somewhat 
dilated, and sometimes elongated and sinuous 
as a result of biliary stagnation. In some 
cases, it may be observed that the biliary and 
the pancreatic trees form, at times, one united 
system as they meet at the level of the ampulla 
of Vater. 

Inflammatory stenosis of the sphincter of 
Oddi. Stenosing odditis varies in intensity from 
simple hypertonicity to complete obstruction 
of the sphincter of Oddi. The former is com- 
parable to experimental hypertonic choledo- 
chal stagnation (Westphal) ; the latter depends 
on anatomic factors, such as retractile sclerosis 
(Del Valle). My personal statistics give an 
average frequency of 11 per cent. 

Stenosing odditis is identified by the stag- 
nation of the opaque substance into the biliary 
tree 15 or 20 minutes after having been in- 
jected into the tree. 

The contour of the ampulla of Vater is the 
most varied. It may be similar to the “sharp 
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end of a pencil,” “hookshaped,” or in ‘the 
form of the tip of the finger.” In most cases 
a small amount of opaque substance passes 
into the duodenum. The whole biliary tree, 
down to the finest intrahepatic branches, ap- 
pears in the different films throughout the 
operation. The common bile duct is flexuose, 
elongated, and of an increased diameter. It 
is almost always in active peristalsis, as shown 
by the undulations of its contour. In some 
cases a general atony of the whole biliary tree 
may be observed. 

In the roentgenograms, the main structures 
for the excretion of bile present functional 
and morphologic aspects which indicate their 
constant strain against the resistance of the 
sphincter. 


RESULTS OF THE DISTURBANCES OF THE 
SPHINCTER OF ODDI 


The functional sphincteral disturbances 
little by little cause anatomic lesions of the 
pancreas and of the biliary tree. The cholan- 
giograms in my own files show how frequently 
lipiodol enters the pancreatic duct, a result 
especially favored by dystonia. I believe that 
biliary lithiasis, and particularly the func- 
tional disorders caused by the disease, pre- 
dispose to the development of acute necrosis 
of the pancreas. The fact that in a large 
majority of cases chronic pancreatitis is a se- 
quela to biliary lithiasis supports my belief. 
Dystonia may be revealed by operative 
cholangiography in 3 per cent of the cases. 
In many of these cases the roentgenograms 
reveal the duct of Wirsung in its full extent. 
I'requently its diameter is increased, a con- 
dition which proves that previous stagnation 
has been present. By means of these opera- 
tive observations, which prove beyond doubt 
the existence of functional disturbances in the 
main excretory route of the bile, it becomes 
easy to understand how such disturbances 
favor the entrance of bile into Wirsung’s duct. 
The disturbance in function is sufficient again 
and again to cause the establishment of com- 
munication between the common bile duct 
and the pancreatic duct. These functional 


disturbances cannot be felt on palpation nor 
seen by the eye. And yet, they become so 
marked that at times the diseased condition 
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of the gall bladder (cholecystitis) is disguised 
by the associated lesions of the biliary tract 
and pancreas. 

The reflux of bile into the pancreatic tree 
creates in itself an abnormal condition which 
is dangerous to the anatomic integrity of the 
pancreas. The injection of from 30 to 60 
cubic centimeters of serum into Wirsung’s 
duct have been considered harmless because 
they do not cause macroscopic lesions (Es- 
trade). There is no doubt, however, that they 
do cause anatomopathological lesions from 
internal trauma, tearing the fine pancreatic 
ducts and causing foci of glandular necrosis 
(Brocq). 

The most complete statistical records of the 
past few years show that acute necrosis of the 
pancreas is a predominant complication of 
biliary lithiasis—a factor which proves the 
important relation between the two diseases 
(Schmieden, 28). 

On the other hand, it cannot be denied that 
a calculus in any part of the common bile duct, 
especially in the ampulla of Vater, causes irri- 
tation which in turn favors spasm. The stone 
provokes evident dystonia of the sphincter. 
In several instances calculi have been found 
impacted in the ampulla of Vater during 
necropsy in the presence of pancreatic nec- 
rosis. 

In the Museum of Pathologic Anatomy I 
saw such an anatomic specimen (Ferraris), 
which had been taken from the body of an 
old man who died from pancreatic necrosis. 
The calculus, the size of a grain of wheat, was 
impacted in the ampulla of Vater and the 
sharp end of it entered the lumen of the 
duodenum. 

It is also important to direct attention to 
the frequency with which acute pancreatic 
disorders are observed in vagotonic patients. 
In 48 necropsies following death from pan- 
creatic disease, biliary lithiasis was found in 
28 instances. In 10 of these the biliary tree 
did not show anatomic changes but the his- 
tory showed justification for a presumptive 
diagnosis of neurosympathetic disorders 
(Stocker). All the aforementioned findings 
indicate the important réle which the ampulla 
of Vater plays in the pathogenesis of diseases 
of the pancreas. 
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Now then, the functional disturbances which 
follow reflux of pancreatic ferments evidently 
play an important part in the evolution of 
cholecystitis and in the pathogenesis of chole- 
dochitis. Certain factors observed in my pa- 
tients indicate that in some cases pancreatic 
ferments play an important rdéle in perfora- 
tion of the gall bladder. The reflux of pan- 
creatic juice into the bile ducts is a proved 
fact. However, it becomes of pathological 
significance only when it occurs in the presence 
of sustained blockage of the bile ducts and in 
association with other factors which activate 
trypsine. Because of the blockage, a large 
quantity of pancreatic juice enters into the 
gall bladder. The vesicular bile, normally 
acid, becomes alkaline, while at the same time 
the ferments are activated by the action of 
the infected bile (Colp, Doubilet, and Gerber, 
7). 
On the other hand, the fact is emphasized 
that the peculiar character of exfoliative and 
dissecant cholecystitis (23) depends on the 
action of the pancreatic ferments during their 
reflux into the common bile duct and the gall 
bladder. The reflux is favored both by dys- 
tonia of the sphincter of Oddi and by the great 
pressure of the juice in the pancreatic tree, 
which is higher than that of the bile in the 
biliary tree (Harms). 

The general structure of the tunicae of the 
gall bladder, which constitute the necrotic 
sac in these cases, can be identified by micro- 
scopic study, because of the fact that the 
changes in the elastic and connective tissues 
are not marked, notwithstanding the presence 
of great changes in the structure. This fact, 
which is of great pathogenic significance, in- 
dicates that the lesions are caused by digestive 
ferments, since the gangrene and suppuration 
which are caused by infection destroy the tis- 
sue structure to such an extent that it cannot 
be identified, especially if there are vascular 
lesions which diminish the vitality and re- 
sistance of the tissues. 

The reflux of pancreatic ferments most 
likely will play an important part in the pro- 
duction and development of choledochitis. It 
has been proved by experiments (Westphal) 
that, besides choledochitis of the necrotic type 
followed by biliary peritonitis, there can be 
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produced chronic, productive inflammation 
with destruction of the elastic tissues of the 
wall of the common bile duct and dilatation of 


the duct. HEPATIC DUCT 


Before a meeting of the Academy of Medi- 
cine of Buenos Aires, which was held October 
22, 1937, with Professor B. Houssay as chair- 
man, I presented my observations on the 
physiopathology of the extrahepatic bile ducts 
as seen by means of the operative chol- 
angiography. I directed attention to certain 
phenomena which I had observed and which 
indicated that there really is a contractile 
mechanism, namely, a physiological sphincter, 
at the level of the hepatic duct (20). Normal 
contraction of the sphincter separates the 
intrahepatic bile ducts from the extrahepatic 
branches of the biliary tree at times during 
normal elimination of bile. However, in the 
course of diseases of either the intrahepatic or 
the extrahepatic branches of the biliary tree, 
the contractile sphincteral functions are dis- 
turbed to such a degree that one is justified in 
establishing the presence of a pathological 
process in the hepatic duct and its branches. 


FUNCTIONAL SYNDROMES 


A functional disturbance in the contraction 
of the sphincter of the hepatic duct prevents 
synergic action between the duct and other 
parts of the entire system of elimination of 
bile. From the knowledge gained by opera- 
tive cholangiography, it is evident that the 
disorder of sphincteral contraction is an im- 
portant factor in the production of pain and 
of biliary stagnation. 


CasE 1. (No. 5 of series 16.) L. F., aged 32 
years, was admitted to the hospital in October, 1937. 
She had had several attacks of typical biliary 
pain during the last few months before entering the 
hospital. She exhibited signs of myocarditis for 
which she had the proper treatment. 

At operation a chronic calculous cholecystitis was 
found. The patent cystic duct in the form of a band 
crossed the main route of the biliary excretion at 
the front and opened.into the internal border of the 
retroduodenal segment. 

Operative cholangiography was performed. The 
first film after injection through the cystic duct 
showed the system of the hepatic duct to be rather 
dilated and injected. During operation the abnor- 
mal course of the cystic duct and the opening of the 
duct into a segment lower than that in which the 
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Fig. 1. Dystonia of the sphincter of Oddi. Total closure of the ampulla of Vater. The injection 
of 3 cubic centimeters of lipiodol was made through the cystic duct, Cis. The system of the hepatic 
duct, H, contains lipiodol. The common bile duct, C, with dilated and undulated contours does not 
evacuate its contents into the duodenum because of total closure of the ampulla of Vater, P. 


wel 























Fig. 2. Roentgenogram of same patient as in Figure 1 taken 10 minutes later showing partial closure 
of the ampulla of Vater. The system of the hepatic duct, H, contains lipiodol. The common bile duct, C, 
has evacuated a portion of its content of lipiodol into the duodenum, Du, through the ampulla of Vater. P. 
Lipiodol has flowed into the duct of Wirsung, W, the terminal segment of which is ampulliform. 
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Fig. 3. Dystonia of the sphincter of Oddi. The injection of lipiodol was made into the cystic duct. The 
common bile duct, C, contains lipiodol; Wirsung’s duct, W, which is injected in its terminal segment, does 
not show because of its proximity to the image of the common bile duct. A little opaque substance has passed 
into the duodenum. 








Fig. 4. Roentgenogram obtained 10 minutes later than that in Figure 3. Lipiodol has flowed in greater 


quantity into the duct of Wirsung, W, which is visible in its entirety. 








—— 
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Fig. 5. 
trahepatic biliary tree is dilated and filled with opaque substance. The terminal third of the common bile duct, 
C, contains a smooth stone, Cal; lipiodol has flowed into the duct of Wirsung, W, the terminal segment of which 


is visible, undulated, ampulliform. 
the duodenum. 


duct normally opens were verified. The common 
bile duct, increased in diameter, was visible. A little 
lipiodol passed into the duodenum. The second film 
showed that the system of the hepatic duct was still 
injected. An accessory hepatic duct was identified. 
The diameter of the common bile duct was seen 
to have been reduced and the duct had evacuated 
almost all of its contents of opaque substance into 
the duodenum. 


The first film indicates that retention of the 
opaque substance in the intrahepatic branches 
o! the biliary tree depends on the transient 
action of an active obstructive factor at the 
level of the hepatic duct. The injection of the 
accessory duct could be explained by no other 
mechanism of action than this. The contrac- 
tion of the upper part of the biliary tree was 
not sufficient at a given time to overcome the 
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Dystonia and choledocholithiasis. The injection of lipiodol was made through the cystic duct. The in- 


A small quantity of lipiodol has passed through the ampulla of Vater, P, to 


resistance of the contracted hepatic duct. 
Moreover, it caused reflux of the opaque sub- 
stance into the accessory hepatic duct which 
opened above the contracted segment of the 
hepatic duct. The phenomenon, in this case, 
is similar to that which occurs when the sym- 
patheticotropic part of the sphincter of Oddi 
is in contraction from dystonia and reflux 
into the duct of Wirsung takes place. 


CasE 2. (No. 7 of series 43.) C. M. de P., aged 55 
years, was an obese multiparous woman. Three 
years before she had suffered acute pain in the 
epigastric region, with nausea and vomiting spells. 
The attack was followed by jaundice and discolora- 
tion of feces for about 2 months. The crises of pain 
recurred at intervals. 

Operation was performed May 30, 1940. The 
subhepatic space was blocked by strong adhesions 
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Fig. 6. Functional syndrome of the hepatic duct. Roentgenogram taken ro minutes after the injection. The 
hepatic duct system, H/, is completely filled with the substance. Contraction of the distal segment of the hepatic 
duct (indicated by arrow) is the obstruction. The common bile duct, C, of almost normal diameter with repeated 
peristaltic movements makes lipiodol flow into the duodenum, D, through the ampulla of Vater, ?. The opaque 
substance contained in the duct of Wirsung, W, is visible in the terminal third of the duct. 


with the colon and the duodenum. The gall bladder 
had been reduced to a fibrous nucleus. The findings 
seemed to indicate that the structure had previously 
been in communication with the intestine through a 
fistula which had healed. During dissection the 
cystic duct had been cut at the level of the common 
bile duct. 

Operative cholangiography was carried out but 
because the cystic duct was missing it was necessary 
to inject the opaque substance directly into the com- 
mon bile duct. The injection had to be made faster 
than usual because of the reflux of the substance 
over the lateral surfaces of the cannula. 

The injection seemed to cause no signs of dilata- 
tion or any anatomic disturbance of the common 
bile duct because of adhesions between the hilus of 
the liver and the neighboring structures. Therefore, 
8 cubic centimeters of lipiodol was injected, or a dose 
almost three times that customarily used when the 
common bile duct is normal. The possible presence 
of a mechanical obstruction which was produced by 
calculi or some other cause was kept in mind be- 
cause of the fact that jaundice had been present 
for so long a time. 

The rapid injection of the large doses caused dis- 
tention of the biliary tree and spasms. The system 
of the hepatic duct appeared to be engorged with the 


substance and the duct was strongly contracted. 
The diameter of the common bile duct was slightly 
increased and was peristaltic. The duct of Wirsung 
was filled with the substance. The ampulla of Vater 
had relaxed to allow passage of the opaque substance. 

In the second film, obtained 1o minutes later, the 
findings were the same with slight variation; namely, 
the diameter of the common bile duct was reduced to 
normal, whereas the hepatic duct was distended 
above its distal segment which was in marked 
spasm (Fig. 6). 


The results which follow the sudden dis 
tention of the biliary tree when the walls o/ 
the bile ducts are elastic and irritable arc 
plainly shown by the aforementioned findings. 
These findings prove also that the circum. 
scribed spasm of the distal segment of the 
hepatic duct causes more or less prolonged 
stagnation of the contents of the intrahepatic 
bile ducts. It is evident then that spasm oi 
the hepatic duct causes slow progressive dila 
tation of the intrahepatic branches with con 
sequent stagnation—the predominant patho 
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genic factor of both transient jaundice and 
hepatic pain. 

Similar phenomena have been observed in 
several patients with subintrant crises. The 
distention of the system of the hepatic duct, 
due to prolonged contraction of the duct 
which was verified in these patients, was the 
only explanation for the almost continuous 
hepatic pain. Neither the gall bladder nor the 
sphincter of Oddi played any part as causal 
agents. As seen by operative cholangiogra- 
phy, the gall bladder was in _ retractile 
sclerosis and deprived of all its functions of 
contractility. The cystic duct was obstructed; 
the sphincter of Oddi did not disclose any 
obstacle at the level of the ampulla of Vater. 
Now, by studying by means of operative 
cholangiography the association between the 
pathological anatomy and the clinical pathol- 
ogy and the function of the main route of 
elimination of bile, we have obtained sufficient 
data to support the statement that the hepatic 
duct system plays a most important part in 
the pathogenesis of hepatocolic pain. 


SUMMARY AND CONCLUSIONS 


1. The disturbances of the sphincter of 
Oddi are functional in a great majority of 
cases. The interference by a permanent, 
stenosing, anatomic factor are found to be 
rare. 

2. Anatomic stricture of the ampulla of 
Vater is frequently associated with indurated 
thickening of the common bile duct (chole- 
dochitis). 

3. The reflux of lipiodol into the duct of 
Wirsung is a characteristic roentgenographic 
finding in the presence of dystonia of the 
sphincter of Oddi. It represents a pathological 
phenomenon. 

4. Functional disturbances in the sphincter 
of Oddi in association with reflux into the 
pancreatic duct are the cause of anatomic 
changes in both the pancreas and the biliary 
tract. 

5. Functional disturbances in the hepatic 
duct may occur. In some cases the disturb- 
inces are the cause of the development of 
ransient jaundice. The functional disorders 
f the hepatic duct in association with disten- 
ion of its branches are quite frequently the 


pathogenic factors which are involved in 
hepatic colic. 

6. Roentgenograms and clinical proof of 
my theory stated herein were recently pre- 
sented (22) in Buenos Aires, with the follow- 
ing conclusion: “In summarizing, a posteriori, 
without divorcing our belief from the general 
conception of the development, type, and 
course of biliary pain, it is evident that 
such a condition in which the factors of ob- 
stacle and infection play a réle in varying 
proportions (Sprengel) is different in every 
patient. The degree of intensity varies with 
the individual because, as Leriche says, pain 
is like a lamp in an electric circuit, the glow 
and intensity of its light depending on the 
intensity of the electric current which passes 
through its circuit. Therefore there is no 
doubt that biliary pain, from a _patho- 
genic point of view, is often a functional syn- 
drome of the system of the hepatic duct only 
to which disturbances of the pancreatic tree, 
originating in dystonia of Oddi’s sphincter, 
are sometimes added.”’ 
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THE TREATMENT OF EXPERIMENTAL SHOCK BY THE 
INTRAVENOUS INJECTION OF DILUTE, NORMAL, 


AND CONCENTRATED 


PLASMA 


EARLE B. MAHONEY, M.D., HARRY D. KINGSLEY, M.D., and 
JOE W. HOWLAND, Ph.D., M.D., Rochester, New York 


HE treatment of traumatic shock de- 

mands the restoration of the depleted 

effective circulating blood volume. 

Large amounts of fluid and plasma 
protein are lost from the circulation, and these 
elements must both be replaced in the relative 
proportion that they have been lost. When 
dogs are shocked by intestinal trauma, the 
fluid which is lost from the peritoneal surfaces 
contains 3 to 4 per cent protein. This type of 
shock can be most efficiently treated by re- 
storing to the circulation large amounts of 
half dilution plasma containing the same pro- 
portion of protein that has been lost. Treat- 
ment with more concentrated plasma solutions 
is less effective. The value of half dilution 
plasma in the clinical treatment of shock has 
been emphasized in a previous publication 
(10) and this finding conforms with the experi- 
mental results which are being reported else- 
where in the literature. 

The widespread recognition of the value of 
plasma in the treatment of shock has been at- 
tested by the numerous publications discuss- 
ing this subject during the past 2 years. The 
rapidly accumulating clinical experience, both 
in this country and in England, has establish- 
ed its efficacy in combating the shock resulting 
from hemorrhage, trauma, or burns. Plasma 
finds its greatest value in shock associated 
with a preponderant loss of the liquid elements 
in the blood, but it is also of unquestionable 
value in the emergency treatment of hemor- 
rhage (3). Blood plasma may be preserved in 
the liquid form for a limited period, or in the 
lyophile, or dry form, for an indefinite time. 
(he various papers discussing the use of plas- 
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ma in shock have not been concerned primar- 
ily with the concentration to be injected. 
Alsever has used dilute plasma, but the most 
commonly used form has been whole plasma. 
Hill (8, 9) and his coworkers have advocated 
the use of 4 times concentrated plasma in both 
the prophylactic and therapeutic treatment of 
shock. This departure from the more common 
methods of treatment is strikingly conven- 
ient, but depends on the presence of available 
body water to restore the circulating blood 
volume. 

The recognition that the diminished blood 
volume is one of the fundamental principles of 
shock has led to an exhaustive search for the 
method of its development and the location of 
the fluid lost. The theory of traumatic toxemia 
(Cannon) postulates a generalized capillary 
permeability resulting from a toxic product 
elaborated at the site of trauma. The im- 
portance of local fluid loss at the site of trauma 
was emphasized by Blalock and by Phemister, 
who produced shock by traumatizing the ex- 
tremities of dogs. A tremendous amount has 
been written since that time, and it is clearly 
evident that many factors are concerned. 
These vary from the process involved after a 
simple hemorrhage from an artery to the com- 
plicated mechanism developing after a pene- 
trating wound of the abdomen with minor 
bleeding. The réle of the sympathetic nervous 
system (Freeman), the réle of visceral capil- 
lary dilation (Moon) and that of potassium 
(Scudder) are all factors in the mechanism of 
fluid loss, but individually they do not appear 
to furnish adequate explanation. The in- 
creasing information regarding circulatory me- 
chanics, water balance and electrolytes, endo- 
crine dysfunction, and anoxia will eventually 
be correlated in a more concise understanding 
of the shock mechanisms. 
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TABLE I.—THE BLOOD VALUES IN A CONTROL EXPERIMENT—DOG 40-388, WEIGHT 10.6 KILOGRAMS 


| | | 


Pl. vol. BI. vol. | Hematocrit 
c.c c.c. per cent 
| 
Dog 40-388 | | 
WL. 10.6 kg. 
Control 890 1520 42.0 
2 hr. after trauma 592 1060 44.1 
5 hr. after trauma 392 755 19.9 
8 hr. after trauma 417 885 52.4 


EXPERIMENTAL METHODS 

Dogs weighing from 15 to 25 kilograms were 
used in all of the experiments, and shock was 
produced by peritoneal trauma under nem- 
butal anesthesia. A typical experiment was 
performed in the following manner: The dog 
did not receive food on the evening before, 
but was given water ad lib. On the morning 
of the experiment it was given .008 gram of 
morphine subcutaneously, and, half an hour 
later, sufficient ‘‘ veterinary nembutal”’ intra- 
venously to produce narcosis. This method of 
administration was found to be the most satis- 
factory because of the great variation in the 
tolerance of the individual animal to nem- 
butal. The control plasma volume was deter- 
mined after one-half hour of anesthesia, when 
the animal could be considered to have reached 
a basal level. The femoral artery was then 
cannulated and attached to a recording mer- 
cury manometer. The blood pressure tracing 
was recorded on a smoked drum. Blood sam- 


Plasma P . : | Tota 

— rise | Albumin | Globulin | |. I I 
Specific protein a ee ‘ : circulating 
gravity concentration concentration concentration | srotein 

_— } a per cent percent | I 

| per cent gms 
1.0267 6.56 92 3.64 55.4 
1.0251 5.55 33 3 32.8 
1.0233 5.25 2.35 03 20.7 
1.0234 5.18 2.22 2.99 21.6 


ples were taken by jugular venipuncture with 
an 18 gauge needle without hemostasis except 
when the venous pressure was very low. Thx 
peritoneal cavity was exposed through a mid 
line incision with careful hemostasis. The en 
tire small bowel from the duodenum to the 
cecum was delivered and gently traumatized 
with a flat blade retractor. The bowel was 
held between the fingers and a uniform blow 
was delivered on the antimesenteric surface. 
It was necessary to repeat the trauma a sec 
ond time when dealing with larger dogs. The 
fluid which exuded from the traumatized bow 
el was collected extraperitoneally and the 
bowel was covered with oiled silk to prevent 
evaporation. Plasma was injected intraven- 
ously by gravity, and a Murphy drip bulb 
was inserted in the system to regulate the 
flow at 40 to 45 drops per minute. 

Blood plasma was injected in three different 
concentrations, that is, as whole undiluted 
plasma, as one-half dilution plasma, and as 4 


TABLE Il.—A COMPARISON OF THE BLOOD VALUES WITHOUT ANESTHESIA, WITH NEMBUTAL 
ANESTHESIA ALONE, AND AFTER TRAUMA 
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times concentrated plasma. The half dilution 
was prepared by adding an equal volume of 
normal saline to whole plasma, and the 4 
times concentrated by redissolving lyophile 
plasma in one-fourth the original volume of 
distilled water. The prophylactic and thera- 
peutic efficacy of these solutions was tested. 
The prophylactic injection was started coinci- 
dent with the trauma; the therapeutic injec- 
tion was not started until the blood pressure 
had fallen below 80 millimeters of mercury. 

The volume of dilute and whole plasma in- 
jected corresponded to the dog’s circulating 
plasma volume. The prophylactic effect of 4 
times concentrated plasma was tested with 
correspondingly large volumes. The thera- 
peutic effect was determined with the smaller 
amounts which have been suggested for clini- 
cal use. 

The peritoneal fluid was collected during the 
experiment and its protein content determin- 
ed. The animals were killed at the close of the 
experiment, and sections of the various organs 
were removed for microscopic study. 

Repeated observations were made of the 
arterial pressure, venous pressure, and circula- 
tion time. Blood samples were collected in 
dry potassium oxalate (2 mgm./c.c. of blood) 
for determination of the hematocrit, plasma 
specific gravity, total protein concentration, 
albumin, and globulin. The circulation time 
was determined by the sodium cyanide meth- 
od (4). The protein concentration was deter- 
mined by the micro-Kjeldahl method, and the 
albumin globulin ratio by Howe’s method. 
The gravimetric pipette was used in the deter- 
minations of specific gravity (4). The plasma 
volume was obtained by the direct blue dye 
method of Gibson and Evans, the spectro- 
photometer being used. Correction for hemo- 
globin was made. The accuracy of plasma 
volume determinations may well be ques- 
tioned when the circulation is failing and the 
hematocrit is 50 per cent or more. For this 
reason, only gross changes in volume have 
been considered significant. 


EXPERIMENTAL OBSERVATIONS 


The typical reaction of a dog to trauma of 
the bowel is indicated in Graph 1. There is a 
primary fall in the arterial blood pressure 
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Graph 1. Control experiment. Arterial and venous 
blood pressure in shock produced by intestinal trauma. 








during the first 2 or 3 hours of the experiment 
followed, in most cases, by a temporary sec- 
ondary rise. The blood pressure then gradually 
falls until the animal displays the typical 
signs of profound shock with peripheral cir- 
culatory failure. 

The time required after trauma for the 
blood pressure to fall and the survival time 
vary considerably in different animals. The 
survival time averaged 8 hours, varying from 
5 to 12 hours. 

The pulse rate is usually rapid and regular 
during the early hours of the experiment, but 
frequently decreases with the appearance of 
severe shock. The venous pressure slowly de- 
clines, and in profound shock it is impossible 
to withdraw blood from the veins. 

The blood findings in a typical control ex- 
periment are outlined in Table I. The plasma 
volume slowly decreases throughout the ex- 
periment, with a parallel change in the total 
blood volume. The change is less marked in 
the red cell volume calculated from the hem- 
atocrit, which indicates a retention of cellular 
elements in the presence of escaping fluid. The 
red cell hematocrit becomes concentrated as 
the shock develops. The specific gravity of the 
plasma decreases. The concentration of the 
circulating total protein uniformly falls, and 
there is a marked decrease in the total circu- 
lating protein. The circulation time increases 
as the arterial and venous pressures decline. 
The fluid which exudes from the traumatized 
bowel is serosanguineous and has a protein 
content varying between 3 and 4 grams per 
100 cubic centimeters. 

Dogs have been studied without anesthesia, 
with nembutal anesthesia alone, and with 
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Graph 2. Therapeutic effect of whole plasma. Dog 
40-180. 


anesthesia plus trauma. The blood and plasma 
volumes, the hematocrits, and the protein de- 
terminations are tabulated in Table II. The 
first two groups represent the average per- 
centage changes in groups of experiments; the 
results in the shock group are tabulated in- 
dividually. The most striking change noted in 
the shock group is the very marked fall in the 
circulating protein which varied from 32 to 66 
per cent of the original content. These results 
correspond to the decrease in the plasma 
volume, but are accentuated by the fall in the 
concentration of the circulating protein. The 
protein concentration has never increased in 
this type of shock. Nembutal anesthesia pro- 
duces a dilution of the hematocrit in the nor- 
mal dog due, in part, to stagnation of red 
cells in the spleen. The hemoconcentration 
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present in shock is very striking because of 
the dilution in the control. 

Shock treated with whole plasma. The in- 
jection of whole plasma in the shocked animal 
results in a temporary rise of the arterial and 
venous blood pressure. Dog 40-180 exempli- 
fies the usual reaction to whole plasma (Graph 
2). The injection of 250 cubic centimeters of 
plasma raised the blood pressure from 60 to 
110 millimeters mercury. The effect was trans- 
itory, and the animal died within 2% hours. 
The plasma volume was 965 cubic centimeters 
immediately following the injection, and with- 
in 2 hours decreased to 500 cubic centimeters. 
The plasma injection caused a temporary dilu- 
tion of the hematocrit and a temporary rise in 
the venous pressure. The prophylactic effect 
of whole plasma is indicated by the reaction of 
dog 40-271 (Graph 3). This dog received 800 
cubic centimeters of plasma beginning at the 
time of trauma. In this type of experiment 
plasma does not prevent the initial fall in 
blood pressure, but tends to stabilize it above 











200 200 os Pa. 
180 = ae , ee “\ gettigl” Ne. 7eART. PR 
160) e ee ww ver 9929-079 0-0" ee i» 
Pa va eanghcnnenness 160 e~e-0-8 a i 
140]—» 
b — \, PULSE 
120 \ pcctdniga arenas ARTERIAL 120 / 
100 N\A 7 PULSE NJ 
80L, Nines 9—o—eo—e——-o 80]__, ‘ om, 
60 % VENOUS — “el “e—=8—e—o— 5 VEN. PR 
40 9 40 
20 _— — 
7700 DIL. PLASMA Di PLACMA 
° fFese4# SF Cres BV ase @ hows ° '2345676939 ON l2 8 t4 15 16 HOURS 
ra 4. erapeutic effect of dilute plasma. og ra 5. Prophylactic effect of dilute plasma. Dog 
Graph Therapeutic effect of dilute pl D Graph Prophylactic effect of dilute pl D 
40-202. 40-274. 








ma 
lev 
cri 
tio 
tio 


La 
the 
pre 
40- 
pla 
the 
ed. 
lev 
wit 


uni 
tes 
cul 
sta 
ter’ 
pla 
200 

160 

120 


80 


140 


G 
Dog 





e of 


: in 
imal 
and 
npli- 
raph 
rs of 
oO to 
‘ans- 
urs. 
eters 
vith- 
ters. 
dilu- 
se in 
ffect 
yn of 
800 
t the 
nent 
ll in 
bove 





MAHONEY ET AL.: 


TREATMENT OF SHOCK BY PLASMA INJECTION — 323 


TABLE III.—THE EFFECT ON THE BLOOD VALUES OF HALF DILUTION PLASMA INJECTED 


THERAPEUTICALLY AND PROPHYLACTICALLY 









































Plasma volume ee . Total protein Total circulating 

c.c. Hematocrit concentration protein gm. 

Dog 40-202 805 53.9 6.86 55.0 Control 
: oe 570 69.8 5.10 29.0 Shock 

Therapeutic injection 

950 45.3 5.06 48.0 After plasma 
Dog 40-274 570 50.6 5.45 31.1 Control 

690 52.7 5.03 34.7 4 hr. after trauma 
Prophylactic injection — 

i 645 65.7 | 4.62 | 29.8 12 hr. after trauma 








the shock level. At the end of 12 hours the 
arterial pressure remained at 110 millimeters 
of mercury, and the venous pressure was with- 
in normal limits. The large amount of plasma 
maintained the plasma volume at a constant 
level throughout the experiment. The hemato- 
crit did not change during the plasma injec- 
tion, but gradually increased after the injec- 
tion. 

Shock treated with half dilution plasma. 
Large amounts of dilute plasma will restore 
the circulation of the shocked dog to an ap- 
proximately normal condition (Graph 4). Dog 
40-202 received 700 cubic centimeters of dilute 
plasma, the plasma volume was increased to 
the normal level, and the hematocrit decreas- 
ed. The blood pressure returned to the control 
level, and the venous pressure increased to 
within normal limits. 

Injection of dilute plasma gives the most 
uniform response of all the concentrations 
tested. Dog 40-274 (Graph 5) was given 550 
cubic centimeters of half dilution plasma 
starting immediately after trauma. The ar- 
terial and venous pressures, as well as the 
plasma volume, were maintained at the nor- 
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Graph 6. Prophylactic effect of concentrated plasma. 
Dog. 40-341. 





mal level for 16 hours. The dog’s general con- 
dition seemed excellent at the end of this time, 
but the experiment was terminated by sacri- 
ficing the animal. The results in 5 experiments 
have been similar to that of dog 40-274. 
Table ITI illustrates the effect of dilute plasma 
on the plasma volume, hematocrit, and total 
circulating protein. 

Four times concentrated plasma. The effect of 
injecting a relatively large quantity of the con- 
centrated plasma is illustrated in Graph 6. 
Dog 40-341 received 200 cubic centimeters 
with no appreciable effect on the arterial pres- 
sure. The venous pressure was fairly well 
maintained until death. The plasma volume 
decreased from 774 to 400 cubic centimeters 1 
hour before death. In this type of experiment 
the plasma specific gravity and the plasma 
protein concentration increase as would be 
anticipated. The therapeutic effect of the con- 
centrated plasma is apparently variable as an 
occasional dog did survive longer than dog 
40-341. In an occasional experiment of this 
type, the plasma volume would remain es- 
sentially unchanged during the injection, but 
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Graph 7. Therapeutic effect of concentrated plasma. 
Dog 41-15. 
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Graph 8. Therapeutic injection of concentrated plasma; 
45 cubic centimeters of saline given by stomach tube. 
Dog 41-16. 


in spite of this the blood pressure fell, followed 
by the death of the animal. 

Four times concentrated plasma has been 
injected intravenously into an animal with 
peripheral circulatory failure. If the amount 
used is comparable to the quantity which has 
been used in a patient suffering from shock, 
the effect on the blood pressure, venous pres- 
sure, and on the dog’s general condition is 
negligible. Repeated experiments (6) have 
produced the same negative result, as demon- 
strated in Graph 7. 

The use of four times concentrated plasma 
does not supply available water to replenish 
the depleted circulating plasma volume. Graph 
8 represents an experiment in which the dog 
was given water by stomach tube when the 
blood pressure was 70 millimeters of mercury. 
The concentrated plasma was then injected 
intravenously, but the circulation was not im- 
proved. It must be admitted that in this type 
of shock the absorptive surface of the bowel 
has been damaged by trauma, hence this may 
not be a fair trial of the oral administration of 
water supplemented by concentrated plasma. 

The type of experiment in which concen- 
trated plasma seemed to have a beneficial ef- 
fect on the blood pressure is shown in Graph 9. 
The dog was given saline solution by subcuta- 
neous injection when the blood pressure was 
falling. When the pressure had reached 70, 
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Graph 9. Therapeutic injection of concentrated plasma; 
50 cubic centimeters of saline injected subcutaneously. 
Dog 41-193. 


concentrated plasma was injected. This was 
followed by a temporary improvement in the 
circulation. 


ANALYSIS OF RESULTS 


The type of peripheral circulatory failure 
produced by peritoneal trauma conforms es- 
sentially with that produced by the usual ex- 
perimental methods. This is characterized by 
a fall in the arterial and venous pressures, a 
decrease in the plasma volume, and a concen- 
tration of the hematocrit. The plasma protein 
concentration uniformly decreases. This is not 
in agreement with the more generally ac- 
cepted concept of protein concentration, but 
does agree with the observations of Dunphy, 
who found a decreased concentration in ex- 
perimental burnshock. The most striking fea- 
ture is the very marked decrease in the total 
circulating protein, which raises the intriguing 
problem of determining its fate. A consider- 
able amount can be recovered in the peritoneal 
exudate, but at the present time it is not pos- 
sible to state the proportion lost by this 
route. The data suggest that there is also a 
general loss of protein throughout the body, 
but the experimental evidence is not conclu- 
sive. This will be discussed in a future publi- 
cation. 

The results indicate that dilute plasma is 
more efficient than concentrated plasma in the 
prophylactic or therapeutic management of 
experimental peripheral circulatory failure. 
The intravenous injection of large volumes of 
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one-half dilution plasma have prevented the 
development of shock. Whole plasma has a 
similar effect. The results obtained with the 
concentrated plasma are at best unpredict- 
able, and are not comparable to those obtain- 
ed with either of the other forms. 

The fluid which is lost from the bowel con- 
tains 3 to 4 per cent protein, and it seems 
logical that both fluid and protein should be 
replaced in the same proportion. Theoretical- 
ly, the injection of four times concentrated 
plasma might increase the plasma volume by 
withdrawing fluid from the tissue spaces. This 
assumes that such fluid is readily available. 
The results of these experiments indicate that 
with the peripheral circulatory failure of shock 
this extravascular fluid cannot be reclaimed in 
effective amounts by the use of hypertonic 
solutions. Fluid must be made available by 
parenteral injection or concentrated plasma 
injections will only add to the already in- 
creased viscosity of the blood. The increased 
efficiency of the concentrated plasma supple- 
mented by a saline hyperdermoclysis sup- 
ports this contention. 

It should be emphasized that it is extremely 
hazardous to compare experimental results 
with conditions which occur in clinical prac- 
tice. The type of shock studied in the labo- 
ratory is severe, and very large amounts of 
plasma are required to be effective. However, 
large amounts of dilute plasma have been use- 
ful in preventing operative traumatic shock 
(10). The experiments also indicate that very 
large amounts of plasma may be necessary in 
treating the patient. This has also been em- 
phasized by Dunphy and others. If the cir- 
culating plasma volume of a patient is de- 
pleted to 50 per cent of its normal amount, the 
usual 500 cubic centimeter transfusion would 
be extremely inadequate in treatment of the 
profound shock. A logical argument in favor 
of the concentrated plasma is that clinically 
one deals with a well hydrated individual who 
has rapidly developed shock following an in- 
jury. Also that the four times concentrated 
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material might modify the factors leading to 
circulatory failure until the injury can be ade- 
quately treated. This can only be determined 
by extensive clinical trial. 

“xperimentally supporting evidence has not 
been found. It appears unlikely that fluid can 
be reclaimed by hypertonic plasma after shock 
has become established. 


SUMMARY AND CONCLUSIONS 


1. Experimental shock has been produced 
by intestinal trauma. This type of shock is 
characterized by a reduction in the circulating 
plasma volume, a concentration of the hema- 
tocrit, a decrease in the plasma protein con- 
centration and specific gravity, and a marked 
decrease in total circulating protein. 

2. The therapeutic and prophylactic value 
of half dilution plasma, whole plasma, and 
four times concentrated plasma in treating 
experimental shock has been compared. 

3. Large amounts of half dilution or whole 
plasma are more efficient than concentrated 
plasma in this type of shock. 

4. The large amount of protein lost from the 
circulation has been emphasized. 
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THE ENDOCRINE ASPECTS OF CHRONIC MASTITIS 


Further Report on Rates of Estrogen Excretion and Results of 
Hormone Therapy 


HOWARD C. TAYLOR, Jr., M.D., F.A.C.S., New York, New York 


ROM a wealth of clinical observation 

and laboratory experiment, it is now 

known that the proliferation and at- 

rophy of the epithelial and certain of 
the connective tissues of the breast depend 
upon the rise and fall in the function of several 
endocrine glands. The internal secretions of 
the ovary are, in fact, essential for the very 
existence of the mammary gland as an active 
organ. Since breast tissue is clearly a prereq- 
uisite for the development of chronic mastitis, 
the hormones which maintain the breast in 
this state are also necessary factors. Regard- 
ing this point there can no longer be any dis- 
agreement. Yet, in spite of much discussion 
of chronic mastitis as an endocrine disease, 
no one has yet succeeded in proving that this 
breast condition represents a specific response 
to any recognized type of glandular dysfunc- 
tion. 

The first step toward the solution of the 
problem of chronic mastitis is the establish- 
ment of what constitutes the essential tissue 
change taking place in the breast. In par- 
ticular, it is necessary to consider if chronic 
mastitis is not actually a collection of several 
diseases, each with a distinctive morphology 
and each witha special set of causative factors. 


CLASSIFICATION OF CHRONIC MASTITIS 


Most classifications of chronic mastitis have 
been based on small histological sections from 
surgical specimens in which rather localized 
processes, such as cysts or papillomas, attain 
an exaggerated importance. In considering 
this disease from a functional standpoint, 
however, it is necessary to regard the breast 

From the Memorial Hospital, Breast Service of Dr. Frank E. 
Adair. 

The expense of the hormone studies reported in this paper was 
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tion. 
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of Surgeons, Boston, November 3-7, 1941. 


as a whole and to base a classification on 
clinical characteristics, on the gross examina- 
tion of tissue, or on the study of histological 
sections taken outside of areas of circum 
scribed neoplastic activity. 

From our study based on such criteria, it 
has appeared that there are easily distinguish 
able two major types of breast reaction to 
what might prove to be endocrine agents. 
(a) In the first type there may be only pre- 
menstrual pain and swelling, but usually there 
develops also a tender nodular induration of 
the outer quadrants. Gross section of such 
breasts reveals a dense, shining white fibrous 
tissue. (b) In the second type there is a milky 
or oily secretion from the nipple with perhaps 
some palpable dilatation of the large ducts 
beneath the areola. Section reveals dilated 
tubules of all sizes from which may be squeezed 
a grayish white or brown fluid material. In 
previous studies efforts have been made to 
determine the histological basis of these two 
clinical types (66) and the nature of the sur- 
gical lesions arising in them (69). 

Type 1. The histological changes in the 
breast in which there is only pain and pre- 
menstrual swelling are difficult to evaluate 
because of a dearth of surgical material from 
such cases. In a few sections studied there ap- 
peared to be only a loosening of the periacinal 
connective tissue, suggestive of an increase in 
interstitial fluid in that area (Fig. 1). This 
appearance has been described as a premen- 
strual ‘“‘edema’’ of the periacinal connective 
tissues and referred to by several writers. 
The condition of simple premenstrual pain 
and swelling seems, however, to pass directly 
into the next stage in which clinically de- 
tectable changes in breast structure are pres- 
ent. 

In the breast with diffuse outer quadrant 
induration. the most striking histological 
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change was found to be a connective tissue 


: proliferation, which distorted the gland fields, 


compressing and scattering the small ducts 
and acini (Fig. 2). In many cases, however, 
it appeared that there was also a proliferation 
of acini, giving a morphologic structure re- 


_ sembling adenomyosis of the uterus (Fig. 3). 


As an accurate description of the process in 
the breast and to bring the terminology into 
harmony with that used in the pelvis, the 
term adenofibrosis for this variety of chronic 


mastitis seems most fitting. Semb in his 


exhaustive pathological study of chronic mas- 
titis adopted the term “fibroadenomatosis”’ 
indicating a conception of morphology. of the 
disease very similar to the one here presented. 

Type 2. In the breast with secretion from 
the nipple (Fig. 4) there was found dilatation 
of the ducts with amorphous material and 
desquamated cells in their lumens. Periductal 
edema with collections of lymphocytes was a 
common finding, but diffuse fibrosis was ab- 
sent. The pathological process in this condi- 
tion evidently takes place in quite different 
components of the breast structure from that 
in adenofibrosis and leads to correspondingly 
different morphologic results. Clinically this 
condition may be called nonpuerperal lacta- 
tion or galactorrhea, but in its pathological 
aspects it appears as duct dilatation with 
stasis of secretions. 

With both types of breast disease the areas 
selected for surgical excision contain, as might 
be expected, more complicated types of epi- 
thelial hyperplasia (Figs. 5 and 6). These no 
doubt constitute the practical therapeutic 
problems, but it has been the concentration 
of attention on these localized, but perhaps 
only secondary, manifestations of epithelial 
activity that has caused some neglect of the 
generalized breast changes that might permit 
the study of some constitutionally effective 
etiologic agent. 


POSSIBLE FACTORS IN THE ETIOLOGY OF 
CHRONIC MASTITIS 


Before the enumeration of the endocrine 
aspects of these two types of chronic mastitis 
it will be useful to consider two hypotheses 
which are, at least for the moment, tenable in 
regard to their cause. 


1. According to a currently popular view, 
the cause of chronic mastitis is an excessive, 
prolonged, or unbalanced endocrine stimulus 
acting principally on the epithelium. Hyper- 
plasia of the ducts and acini of the breast 
could, for example, be expected to result from 
stimulation by the estrogens; abnormal se- 
cretion, from an anterior pituitary hormone 
or the sudden withdrawal of an ovarian hor- 
mone. If this concept were correct, chronic 
mastitis would be the actual equivalent of 
conditions produced in the laboratory by the 
injection of various endocrine substances. 

2. The breast is, however, also subject to 
effects produced through disturbances in its 
nervous and vascular systems. The rapidity 
with which the premenstrual swelling of the 
breast develops each month can indeed only be 
explained on the basis of a vascular reaction 
with an increase in the fluid content of the 
mammary tissues. Such a fluid increase may 
be due to the ovarian hormones, which are 
known to cause a general fluid retention (70) 
as well as a concentration of fluid in certain 
portions of the reproductive tract (4, 5, 78). 
Vascular change may also be initiated through 
the nervous system, as shown in recent ex- 
periments on the mammary blood volume of 
cattle (59) and in reported examples of sud- 
den increase in the size of the human breast 
after psychic stimuli (67). 

That permanent organic change in breast 
structure may be the result of an alteration 
in the chemical environment of the cells, 
caused by local vascular disturbances, is an 
easy hypothesis to offer, but difficult to prove. 
Chronic congestion has, however, been held 
the cause of pathological effects in various 
parts of the body, but particularly in the 
organs of reproduction. In the female it has 
been held responsible for the sclerotic and 
cystic ovary (33), for adenomyosis of the 
uterus (48) and for the so-called chronic 
parametritis (28); in the male for prostatic 
hypertrophy (41). Adenofibrosis is a disease 
arising in a related organ with morphologic 
features very similar to those of adenomyosis 
and prostatic hypertrophy. 

At least two theories must therefore be 
considered for the etiology of chronic mas- 
titis. The first asserts that the condition is the 
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result of abnormal stimulation of the breast, 
particularly of the epithelium, by one of the 
ovarian hormones. The second view suggests 
that as a result of nervous and perhaps endo- 
crine stimuli the breast becomes the seat of 
chronic or repeated vascular congestions, pro- 
ducing conditions that lead eventually to a 
fibrosis or an adenofibrosis in which later 
secondary epithelial changes of all sorts may 
develop. The evidence for these two con- 
flicting views will be taken up under five 
principal headings. 


CLINICAL CHARACTERISTICS OF CHRONIC 
MASTITIS 


The symptoms and signs of the two types 
of chronic mastitis give the clinician at once 
some indication of the nature of the condi- 
tions. 

The pain and swelling, which are such im- 
portant aspects of the adenofibrosis type, have 
been ascribed by some writers to the pre- 
menstrual proliferation of breast epithelium 
(55) and by others to the distention of the 
ducts with desquamated cells (14). Actually 
there is little morphologic evidence either for 
a cyclical proliferation or cyclical desquama- 
tion of human breast epithelium. It seems 
almost certain, on the other hand, that the 
premenstrual tension of the breast with its 
associated tenderness is due to a regularly 
recurring vascular engorgement or increase in 
interstitial fluids. Pain on this basis would 
of course be increased when fibrosis of the 
breast is present and the premenstrual swell- 
ing of the susceptible periacinal tissues must 
take place within a relatively unyielding 
fibrotic stroma. If an analogy is to be made 
with the symptoms of any pelvic condition, 
it must be with the congestive type of dys- 
menorrhea, with its characteristically pre- 
menstrual discomfort or perhaps with ade- 
nomyosis and endometriosis. None of these 
is now regarded as essentially an endocrine 
disease. 

Secretion from the nipple is, however, a 
symptom which points in a rather different 
direction. The source of some nipple dis- 


charge is undoubtedly local, as in the instance 
of serous fluid coming from a duct containing 
a papilloma. In cases in which there is a milky 


secretion from many ducts of both breasts or 
a discharge of semisolid, fatty material, the 
functional response of the breast to its natural, 
endocrine stimulus is closely imitated. Here 
then an endocrine cause seems likely from the 
clinical findings. 


COMPARISON OF THE HISTOLOGY OF CHRONIC 
MASTITIS WITH BREAST CHANGES EXPERI- 
MENTALLY PRODUCED BY HORMONES 


The second point concerns the many at- 
tempts to reproduce the disease in animals by 
the administration of endocrine substances. 
With the injection of various hormones, espe- 
cially the estrogens, pathological proliferation 
of the epithelial elements in the mammary 
gland certainly occurs (9g, 29). Some workers 
have insisted on the similarity, if not identity, 
of these induced tissue changes with those of 
the spontaneously developing chronic mas- 
titis of women (11, 35, 36, 37, 38). This ques- 
tion of course strikes at the root of the prob- 
lem, because if the laboratory lesions are the 
same as those found in human chronic mas- 
titis, the cause of the latter disease is already 
known. If they are different, new factors or 
an entirely new hypothesis must be sought. 

A systematic attempt to compare the his- 
tology of chronic mastitis with the lesions 
artificially produced in animals by hormone 
administration was recently made at the Me- 
morial Hospital (69). Sections from 102 cases 
of human chronic mastitis were first studied 
and the lesions tabulated. For comparison 
the mammary glands of 163 mice that had 
been treated with one of four different hor- 
mone substances were examined. The es- 
sential change produced in the mice by estro- 
gen administration was a proliferation of new 
acini. There was slight epithelial hyperplasia 
of the duct lining and sometimes dilatation 
of ducts with desquamation of cells and stasis 
of secretion. Fibrosis, though reported to oc- 
cur after hormone administration (2, 16) was 
a most insignificant feature in our series of 
animals. 

From this study it was concluded that the 
essential changes of adenofibrosis, which takes 
place to a large extent in the interstitial tis- 
sues, are not identical with those produced in 
the laboratory by hormone injections (Fig. 7). 
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Fig. 1. Intralobular “edema” of the periacinal connec- 
tive tissue. 





On the other hand, effects somewhat com- 
parable to those found in women with dilated 
ducts and a non puerperal secretion are pro- 
ducible by these means (Fig. 8). 


NATURE OF THE ASSOCIATED DISORDERS FOUND 
ELSEWHERE IN THE REPRODUCTIVE TRACT 


Gynecologic investigation of the patient 
with chronic mastitis must yield facts of 
considerable significance, for it is almost cer- 
tain that any constitutional agent capable of 
aiiecting the breast must have its effect on 
the uterus also. Thus a glandular disorder 
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Fig. 2. Adenofibrosis of the breast with fibrosis as the 
predominant process. 





producing chronic mastitis should cause at 
least disturbances of menstruation and fer- 
tility. On the other hand, were a chronic con- 
gestion resulting from nervous or hormone 
factors prominent in the breast disease, signs 
of a similar condition might also be expected 
in the pelvis. From previous articles reporting 
the gynecologic status of patients with chronic 
mastitis, four aspects may be selected to stress 
again (65, 67, 60). 

The menstrual history. Disturbances of 
menstruation certainly affect a minority of 
women with chronic mastitis. A decrease in 
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Fig. 4. Abnormal secretion with duct dilatation. 


the amount or duration of the menstrual flow 
in women with painful breasts has, however, 
previously been described by at least 7 clini- 
cians (69). From a total of 261 patients de- 
rived from two series of published cases (67, 
69) it is also our opinion that this anomaly of 
menstruation is significantly more frequent in 
patients with the engorgement-fibrosis syn- 
drome (adenofibrosis) than in normal women 
of the same age groups (Table I). The sig- 
nificance of the scant menstruation in these 
cases is not clear. Beyond the simple fact of 
the short flow there is little reason to suppose 
a primary underfunction of the ovary. It is 
at least as likely that processes taking place in 
the interstitial tissues of the breast are re- 





Fig. 5. Localized adenomatous proliferation in case of 
adenofibrosis. 


Fig. 6. Localized duct hyperplasias in a case with ab- 
normal secretion. 


peated in the pelvis to cause a local inter- 
ference with the blood supply in the uterus 
with a locally conditioned diminution in flow. 

One point at least in regard to the uterine 
function of these patients is quite clear. Their 
endometrial patterns give no indication of any 
excessive hormone stimulation (67). Perhaps 
the most popular endocrine hypothesis offered 
to explain chronic mastitis is that of an ex- 
cessive estrogenic and a deficient corpus 
luteum activity. The effects of this type of 
disturbance on the uterus have long been 
recognized as a cystic hyperplasia of the en- 
dometrium, usually associated with a metror- 
rhagia. Yet patients with chronic mastitis 
are not especially susceptible to this disease, 
nor do gynecologic patients with endometrial 
hyperplasia show any tendency to the de- 
velopment of breast disorders of this type. 

In some contrast to the patients with adeno- 
fibrosis, there is among the women with non- 
puerperal secretion a high incidence of pro- 
longed menstrual intervals or amenorrhea 
(Table II). This may in theory be interpreted 
as the result of a persistent corpus luteum or 
perhaps of periods of depressed ovarian func- 
tion during which excessive anterior pituitary 
activity is released. 

Reproductive and lactation histories. In our 
group of cases about a half of all patients with 
the adenofibrosis type of chronic mastitis have 
had no children (Table III), while over 80 per 
cent of those with nonpuerperal secretion have 
had full term pregnancies. On the basis of 
this now fairly considerable series it appears 
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Fig. 7. Estrogen produced acinal hyperplasia of mice, 
above, in contrast with spontaneous adenofibrosis of 
women, below. 


that adenofibrosis is definitely more common 
in the unmarried and in those who, though 
married, have not conceived. The question is 
open as to whether the failure to bear children 
led to the chronic mastitis or the conditions 
associated with the disease predisposed to the 
relative sterility. 

The pathology of the ovary in cases of chronic 
mastitis. Many of the hyperplastic or neo- 
plastic conditions occurring in the female re- 
productive tract have been associated by some 
observer with ‘cystic ovaries,” and among 
these chronic mastitis is no exception. The 
functional significance of such ovaries is, how- 
ever, not known. In one group at least the 
ovary with small cysts may be quite fibrotic 
with a reduced rather than an increased func- 
tion (33). Nothing in the appearance of the 
ovaries observed during gynecologic opera- 
tion in women with adenofibrosis of the breast 
suggests a hyperfunctioning organ (67). 

Organic lesions in the pelvis. The cause of 
breast lesions has frequently been attributed 


TABLE I.—DURATION OF MENSTRUAL BLEED- 
ING IN TWO TYPES OF CHRONIC MASTITIS 


Abnormal 


Adenofibrosis _ secretion 
Total No. cases.......... se | 93 
Normal periods, per cent. Ee 75.1 64.5 
Short periods, per cent. . chs 16.8 17.2 
Loig periods, per cent. . Seareuig 3.8 4.3 
An:enorrhea, per cent... Ree 4.2 7% 
Mc:opause, per cent............. ° 6.4 
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Fig. 8. Estrogen produced duct disease in mice, above, 
in contrast with dilated ducts containing secretion in 
women, below. 


to organic lesions in the pelvis. The most far 
reaching claims for this viewpoint were made 
by a former president of the American College 
of Surgeons, Dr. C. Jeff Miller, who reported 
the cure of breast conditions following opera- 
tions for fibroids, for retroversion, and for 
adnexal disease. Our experience has not been 
as satisfactory. Of 24 patients with chronic 
mastitis in whom gynecologic therapy for co- 
incident pelvic lesions was carried out, 8 were 
apparently cured of their breast disease (65). 
Since this is about the proportion in whom 
spontaneous cures or remissions may be ex- 
pected, it is improbable that such miscella- 
neous pelvic lesions can be held responsible 
for breast disease. 

Nevertheless, it remains probable, unless 
chronic mastitis is due to purely local factors, 
that some equivalent process should be found 
taking place in the pelvic organs of reproduc- 
tion. On the basisof a large series of gynecologic 
examinations it has appeared to us that such an 


TABLE II.—MENSTRUAL CYCLE IN TWO 
TYPES OF CHRONIC MASTITIS 


Abnormal 
Adenofibrosis secretion 
Total MO: COG08......s.6-56.5..<¢ GO 93 
Normal cycle, per cent....... . 72.2 44.1 
Long or irregular cycle, per cent.. 13.8 25.8 
Short cycle, per cent........... , 9.9 14.0 
Amenorrhea, per cent....... er 4.2 7% 
Menopause, per cent......... ° 6.4 
Others, per cent.............5. ee 0.8 2.1 





w 
Ww 
NS 


TABLE III.—REPRODUCTIVE HISTORY IN 
TWO TYPES OF CHRONIC MASTITIS 


Abnormal 
Adenofibrosis secretion 
Total No. cases......... wavs £62 93 
Single, per cent.......... ee 23.4 5-4 
Married no pregnancies, per cent. . 20.7 7.5 
Married miscarriages only, per cent 5.8 3.2 
Married with children, per cent... . 50.2 83.8 


associated condition does frequently exist. This 
takes the form of a disease scarcely referred 
to in the American literature but widely dis- 
cussed abroad under the name of chronic pel- 
vic congestion (15) or chronic parametritis 
(26, 27, 28, 40). According to Freund chronic 
parametritis begins as a vascular engorge- 
ment and, if it persists, ends as a general 
fibrosis of the pelvic supporting structures. It 
is interesting that in his patients with chronic 
parametritis Freund described painful breast 
nodules, while we have found that nearly a 
third of the patients with the typical engorge- 
ment-fibrosis syndrome in the breast exhibit 
the broad ligament tenderness so characteris- 
tic of the descriptions of chronic parametritis 
(Table 1V). It is possible furthermore that 
some of the patients with “cystic ovaries,” 
with supposed salpingo-oophoritis and with 
severe erosions of the cervix belong in this 
group. Were they added the clinical incidence 
of pelvic congestion in women with premen- 
strual breast symptoms might easily reach 
50 per cent. It appears then that a syndrome 
of which vascular engorgement and fibrosis are 
prominent features does often occur simultane- 
ously in breast and pelvis. 


ASSAYS OF URINE FOR HORMONE EXCRETION 
In a previous study the rates of estrogen 

excretion and blood level figures on 20 women 
TABLE IV.—FREQUENCY OF GYNECOLOGIC 

LESIONS IN PATIENTS WITH CHRONIC MASTITIS 


Abnormal 
Adenofibrosis* secretion 
No. patients examined................ 190 44 
Chronic parametritis, per cent......... 28.4 18.1 
Cystic ovaries, past or present, per cent. 7.9 18.1 
Cervicitis, laceration, erosion, per cent.. 47.9 52.3 
Salpingo-oophoritis—past or present— 
ee eee ye a ee ee 12.6 6.8 
Uterine malposition: prolapse, retrover- 
sion 2nd and 3rd degree, percent... 36.8 47-7 
Fibromyomas, per cent................ II.1 13.6 
Previous hysterectomy, per cent........ 4.2 52.3 


*Includes painful nodularity and painful hypertrophy cases of the 
previous report (67). 
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with various types of benign breast diseas 
were presented (67). No abnormalities wer 
found at that time which could be regardec 
as characteristic of any group of these cases 
At least two records of similar work have bee: 
reported since that time. Wanke and Paulse: 
studied the cycles of 2 cases of “‘mastopathia 
chronica”’ and found a low estrogen excretion. 
Opposite conclusions were reached by Buche: 
and Geschickter, who made determinations o/ 
the estrogens and pregnandiol in the urine o/ 
patients with “‘mastodynia and adenosis” an«| 
concluded that these cases had a corpus luteum 
deficiency or a relative hyperestrinism. 

Since our report of 1936, 9 further patients 
have been studied with revised technical pro- 
cedures. These cases included 3 normal women, 
3 with very pronounced pain and engorgement 
of the breasts and 3 with a bilateral secretion 
of a milk-like fluid. 

Techniques employed in hormone assay. In 
each case all of the urine excreted during the 
cycle was collected in 72 hour lots. The origi- 
nal intent had been to determine simultane- 
ously the excretion of total extrogens, of preg- 
nandiol and of gonadotropic substances. 


a. The estrogens were extracted with slight modi- 
fications according to the method described by Smith 
and Smith (61, 62). Hydrolysis was carried out 
first by boiling for 2 hours a 500 cubic centimeter 
specimen with 40 cubic centimeters of concentrated 
hydrochloric acid. The urine was then extracted 
for 48 hours with benzol and the extract, represent- 
ing a concentration of a hundred times, assayed on 
castrated white mice. For this purpose 6 spayed 
mice, primed 8 days previously, were used for each 
injection level. A reaction was accepted as positive 
only when 4 of these animals showed fully cornified 
smears. With such an end point, one mouse unit was 
equivalent to about .15 gamma of estrone or 11% 
international units. 

b. Gonadotropic excretion was studied by the 
method of Levin and Tyndale. This depends upon 
the precipitation of the hormone with ro per cent 
tannic acid and assay of the extract on the infantile 
mouse uterus. Since other tests were being carried 
out simultaneously the amounts of urine available 
for the gonadotropic studies were somewhat too 
small and accordingly only relatively large quantities 
were detectable. 

c. For the determination of urinary pregnandiol 
the method of Venning and Browne was followed 
(72, 73). No melting point determinations were 
made, since these studies were carried out principally 
in 1938 when the importance of that step was not 
evident. For this reason it has not seemed projet 
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io publish the results on the 80 measurements of 
pregnandiol that were made. With this reservation 
it may be stated, however, that no abnormal trends 
in pregnandiol excretion were evident in the group 
of menstruating women with chronic mastitis. 


Description of results in the 9 subjects studied. 
Although this work was based on the study 
of only 9 subjects, the following histories of 
the 6 with chronic mastitis show that they 
were in each instance extreme examples of the 
types of disorder they were selected to repre- 
sent. Changes in total estrogen excretion, if 
any exist for these conditions, should have 
been apparent in such a group. 


CASES 1, 2, and 3. These were young, unmarried 
women without breast or pelvic disease. The menses 
were normal except that during the study of 1 case, 
an unexpected delay was encountered. The estro- 
genic hormone excretion in these cases for the month 
amounted to 3500, 4600, and 4000 mouse units, 
respectively. Gonadotropic substance was detected 
in measurable amounts at the time of ovulation in 
2 of these cases. 

CasE 4. R. E., admitted September 18, 1937, was 
a married woman of 29 years with a history of a 
single pregnancy, ending in a 4% month miscarriage, 
6 months before her admission to the clinic. Men- 
struation had characteristically been of the 21 to 
24 day cycle type with long 7 day periods. Since 
the miscarriage there had been marked premenstrual 
breast pain. 

The patient remained under observation in the 
clinic for a year, during which time she continued to 
complain of severe premenstrual breast symptoms 
associated with lower abdominal discomfort and 
backache, dyspareunia, and leucorrhea. A condition 
of anxiety dependent on home conditions was evi- 
dent. 

Examination of the breasts on several occasions 
showed them to be medium in size, dependent, very 
tender with a moderate outer quadrant nodularity. 
The pelvic examination showed that the fundus 
was normal in size and position, but with marked 
tenderness on any manipulation of it. The adnexa 
and parametria were tender, the cervix hyper- 
trophied with an endocervical discharge. 

Hormone assays were carried out, beginning with 
‘i menstrual period of June 9, 1938 and ending with 
the onset of the next period 26 days later. The total 
excretion of estrogens was 1282 mouse units. No 
sonadotropic substance was found, but death of the 
test animals resulted in a failure to get any record 
{ 3 specimens. 

CAsE 5. J. G., admitted November 11, 1937, was 

woman of 28 years, twice married. By a former 

usband she had had 1 child, now 11 years old, 

ho had been successfully nursed for 7 months. A 

cond marriage of 4 vears’ duration had been in- 

rtile, although no contraceptives were used. Men- 


strual periods had always been normal, occurring 
every 28 days and lasting 6 days. A suspension of 
the uterus had been performed 3 years before ad- 
mission. 

The present illness, having its onset 8 months 
previously, consisted in a bilateral premenstrual pain 
and swelling of both breasts beginning 7 to 14 days 
before each period. Examination showed the breasts 
to be medium in size, tender with moderate nodular- 
ity of the left one and marked induration of the 
right. Pelvic examination showed the fundus to be 
normal, a little tender on motion; the adnexa, nor- 
mal; the cervix, moderately eroded. During the 
patient’s year of observation in the clinic she de- 
veloped backache, premenstrual pelvic pain, dys- 
pareunia and dysuria. Cystoscopic examination 
showed only a trigonitis and the urine was sterile. 

Hormone assays were begun with the period of 
April 8, 1938, and continued for 35 days of the cycle. 
The total excretion of estrogens was 6030 mouse 
units. Gonadotropic substance was present during 
2 three day specimens of the cycle, but these un- 
expectedly were the days immediately after the 
menstrual bleeding. 

CasE 6. H. J., admitted December 11, 1937, was 
an unmarried girl of 24 years, whose periods had 
always occurred at 35 day intervals and been so 
scant as to be described by her as “negligible.” 
There had always been moderate pelvic dysmenor- 
rhea, but for 7 years there had been in addition very 
severe pain and swelling in both breasts for 2 weeks 
before each menstrual period. 

Examination showed a rather slender girl with 
large breasts, diffusely thickened throughout and 
markedly dense and nodular in the outer quadrants. 
The breasts were also very tender. No pelvic ex- 
amination was ever done. 

Hormone assays were carried out during the cycle 
beginning on March 13, 1938. The total excretion 
of estrogens was 5085 mouse units. Gonadotropic 
substance was present in the specimen representing 
the fifteenth, sixteenth, and seventeenth days before 
the following period. 

The patient was later treated with progesterone 
before her periods receiving 3 units during one 
month and 15 units the next. Before a subsequent 
period she received 150,000 units of estradiol ben- 
zoate, without affecting the breast symptoms or the 
amount of menstrual flow. 

Case 7. B. S., admitted January 23, 1937, was 
a married woman of 38 years, the mother of 2 chil- 
dren, ages 7 and 12. They were each nursed only 
1 month on account of painful nipples. The men- 
strual periods formerly occurring every 28 days and 
lasting 4 days had stopped abruptly and without 
apparent cause 3 years before admission. Since that 
time there had been slight spotting on 3 occasions, 
but none during the previous year. Flushes had 
never developed. 

For 7 years there had been a discharge from each 
nipple. Eight weeks before admission there had 
been a sudden swelling and hardness of the left 


STION IN NORMAL WOMEN AND IN WOMEN WITH CHRONIC MASTITIS 
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breast associated with fever. These acute symptoms 
had subsided but lumps had persisted in the lower 
part of the left breast. 

Examination showed that the breasts were large 
and pendulous with nodular areas about both 
areolae. Pressure over the areolae produced a milky 
discharge from several ducts on both sides. Pelvic 
examination showed no abnormalities and no evi- 
dence of atrophy. 

The patient was observed for over a year with 
little or no change in the breast condition. Opera- 
tion for the lumps was considered on several occa 
sions but these tended to disappear. On May 10, 
1938 hormone assays were begun and continued for 
30 days. The excretion of estrogens during this time 
was 896 mouse units, a low figure, but no gonado- 
tropic substance was demonstrable. 

Case 8. M. G., admitted January 15, 1938, was a 
married woman of 38 with 2 children, aged 17 and 
20 years. Lactation had been discontinued after 
2 months with each child owing to deficient secretion 
of milk. Menstrual periods had always been normal, 
occurring every 28 days and lasting 5 days. One 
abortion 12 years ago had been followed by removal 
of the left tube and ovary. 

The present illness began 3 weeks before admis- 
sion with sudden enlargement and the appearance 
of milk in both breasts. There had been no irregu- 
larity of the menses. 

Examination showed the breasts large and pendu 
lous, somewhat tender and definitely nodular. Pres- 
sure over the areolae produced a profuse milk-like dis- 
charge and some thick casts of ducts. The pelvic 
examination was entirely normal. 

Beginning with the menstrual period of January 
23, 1938, hormone assays were continued for 26 
days. The total estrogen excretion was 3683 mouse 
units and no gonadotropic substance was detected. 
This rate of estrogenic excretion was clearly in the 
normal range. 

CasE 9. H. G., admitted May 3, 1937, a married 
woman of 28 years, had had 1 child 12 years before 
and no other pregnancies. Four years before ad- 
mission (January 27, 1933) she had had a gynecologic 
operation with removal of both tubes and the left 
ovary for salpingitis isthmica nodosa of the ade- 
nomyosis type and a small benign papillary cystade- 
noma of the ovary. A second operation 6 months 
before admission (October 28, 1936) resulted in the 
removal of the uterus and the remaining ovary for 
multiple follicle cysts. Menstruation before the 
first operation had been normal, occurring every 28 
days and lasting 7 days, and was average in amount. 
After the first operation it became irregular with 
intervals of 6 to 8 weeks and a duration of only 1% 
days. After the second operation all menstruation 
ceased. 

From the time of her only pregnancy there had 
been constant secretion of a little fluid from 
both nipples, but this increased abruptly after the 
second operation. Also there appeared at that time 
some pain and considerable swelling of the breasts. 
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Chart 1. Total estrogen excretion in 


Examination on May 3, 1937, showed the breasts 
to be medium in size, soft and dependent. From 
each breast large quantities of milk could be ex- 
pressed in thin streams. Pelvic examination showed 
no masses in the pelvis and little evidence of atrophy. 
rhe sella turcica was later found by x-ray on July 
18, 1938, to be “‘very small and the posterior sphe- 
noidal process thin.” 

Four complete sets of hormone determinations 
were made on this patient (Chart 2). (a) The first, 
carried out from March 3, 1937, to April 28, 1937, 
vielded 4,284 units of estrogen. Gonadotropic de- 
terminations based only on the microscopic examina- 
ion of the ovaries gave 1 positive reaction. (b) 
Beginning May 3, 1937, the patient received 4,000 
nternational units of amniotin 3 times a week for 

month. The breasts were unafiected. Determina- 
‘ions of urinary estrogen from May 16 to June 16, 

937, during the period of administration sug- 
vested an actual fall in excretion. This month’s 
rine was extracted in duplicate by 2 separate 
inethods using benzol in the Smith and Smith ex- 
ractor and ethylene dichloride in a simple stirring 


normal women and in chronic mastitis. 


apparatus. The figures for the two methods were 
2,177 and 1,751 respectively. (c) Beginning on. June 
18, 1937, the patient received 3 injections weekly 
of 50,000 units of estradiol benzoate for a total of 
600,000 units. Estrogen excretion rose to 17,318 
units for the 30 days of this study. During this 
month the breasts were somewhat more swollen 
and tender than previously, but no diminution in 
secretion occurred. (d) For a few months after these 
injections there was little improvement and the 
patient complained rather bitterly of the breast pain. 
Then improvement set in. A further set of estrogen 
determinations made after 14 months and during 
this period of improvement showed the month’s ex- 
cretion to be 4,074 units, a figure almost identical 
with that obtained in the first month of study when 
the abnormal milk secretion was at a maximum. 
Summary of results of hormone assays. The 
results obtained in each of the 115 bio-assays 
for estrogenic hormone have been tabulated 
(Table V) and are shown in Chart 1. The 


specimens in which gonadotropic substance 
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were found in the urine are also indicated in 
the table. 

Certain points need to be stressed: 

The monthly excretion of estrogens for the 
3 normal subjects ranged from 3,500 to 4,600 
mouse units. Gonadotropic hormone was de- 
tectable in 2 of these women at the middle of 
the cycle. The normal estrogen figures are 
distinctly higher than those previously re- 
ported by us, the difference apparently being 
due to the additional step of acid hydrolysis. 
The close agreement of the figures for the 3 
normal women is probably accidental and it 
would be unsafe to consider as abnormal any 
excretion rate within the range of 1,500 to 
6,000 mouse units a month. 

The first 2 of the 3 cases of adenofibrosis 
were married women with symptoms to be re- 
garded as due to an associated pelvic conges- 
tion. In each the breast symptoms were of 
short duration, but in each changes in the 
texture of the breasts were present. Both 
women had normal menstrual cycles, and 1 
had recently been pregnant. The estrogenic 
hormone excretion of the 2 showed a wide dif- 
ference, 1,200 to 6,000 mouse units, in a single 
cycle. One showed gonadotropic excretion 
near the time of the menstrual cycle. 

The third patient was of a different type, 
being a single girl who had had scant menses 
and severe breast pain and swelling since the 
onset of her periods. No symptoms suggestive 
of associated pelvic congestion were present. 
The structural breast changes, almost cer- 
tainly predominantly fibrosis, were very pro- 
nounced. The estrogen excretion was 5,085 
mouse units, a high figure, but probably within 
the normal range. Gonadotropic hormone at 
the mid point in this cycle might be inter- 
preted as evidence of a normal pituitary stimu- 
lus to ovulation. 

The 3 cases of abnormal secretion illustrate 
the extraordinary variety of clinical and hor- 
mone conditions under which this symptom 
may appear. All were in married women who 
had borne children, but 1 patient was men- 
struating normally (Case 8), 1 had ceased 
spontaneously at the age of 35 (Case 7), while 
1 (Case g) had recently undergone a surgical 
operation with the removal of her uterus and 
supposedly all of her ovarian tissue. The 


monthly estrogen excretion in these cases wa: 
goo units, 3,600 units, and 4,300 units, re 
spectively. In none of these were excessiv: 
quantities of gonadotropic hormone detect 
able in the urine. 

The third case (Chart 2) deserves specia 
comment for three reasons: (1) The figure o 
4,300 units of estrogen excretion is a most un 
expected finding in a woman who had ap 
parently suffered the surgical removal of both 
ovaries. (2) When estradiol benzoate to the 
amount of 600,000 units was given, the tota! 
estrogen excretion in the urine was signifi 
cantly raised but no alteration in breast symp 
toms occurred. (3) When, 14 months later, 
the abnormal breast secretion had begun to 
diminish total estrogen excretion in the urine 
was at the same level as that noted when the 
breast symptoms were at their height. There 
appeared then to be no correlation between 
abnormal lactation and estrogen excretion or 
administration in this extensively studied 
case. 

In judging the significance of these results 
the general value of urinary assays as a meas- 
ure of endocrine function needs to be con- 
sidered. It should be remembered first that 
when an estrogenic substance is injected intra- 
muscularly as little as 2 to 3 per cent is recov- 
erable in the urine. There is no reason to sup- 
pose that the several thousand mouse units 
of endogenous hormone which appears in the 
urine during a month’s cycle represents any 
larger fraction of the total amount being pro- 
duced by that individual. When contrasts of 
the ovarian function of different subjects are 
made on the basis of their urinary estrogen 
the assumption is evidently being made that 
the excretion rates have a pretty constant 
ratio to rates of hormone production. There 
is, however, little justification for assuming 
that this is true. The possibility that the 
proportion of effective estrogen, which is ex- 
creted, may vary greatly in different indi- 
viduals, taken with the large error inherent 
in the technical methods, requires that very 
large differences in urinary estrogen be present 
before differences in ovarian function may be 
claimed. Similar comments must be made 
about the gonadotropic hormones whose study 
in the urine of nonpregnant women has been 
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Chart 2. Relationship of estrogen administration 


case of chronic mastitis. 


given considerably less trial than has the esti- 
mation of the estrogens. The significance of 
the absence of the hormone at the time of 
ovulation or its appearance on unexpected 
days of the cycle is unknown. 

The results show then that in patients with 
the adenofibrosis type of chronic mastitis a 
wide range may be found in total monthly 
estrogen excretion, that the average figure is 
close to that for normal women, that the ex- 
tremes are probably within the normal range 
and that typical peaks of estrogen excretion 
occur. In 1 case at least gonadotropic hor- 
mone appeared in the urine at the expected 
time for ovulation. Women with breast en- 
gorgement and adenofibrosis do not therefore 
display any characteristic disturbance of ova- 
rian or anterior pituitary function, as deter- 
minable by these methods. 

In the cases with abnormal secretion from 
the breast a wide range in the figures for 
monthly estrogen excretions was present. 
There was also room for the claim in 2 of the 
3 cases that the contour of the excretion 
curves was abnormal in the sense of an ab- 
sence of pronounced peaks in estrogen excre- 


to rates of hormone excretion and to symptoms in a - 


tion. The failure of large quantities of gonado- 
tropic substance to appear in the urine of the 
2 amenorrheic women of the group is of pos- 
sible interest. Some peculiarities in hormone 
excretion are therefore present, as might be 
expected with such pronounced disturbances 
of menstruation. One cannot, however, on the 
basis of these studies be precise as to the na- 
ture of the hormone disorder in cases of ab- 
normal breast secretion. 


THE HORMONE THERAPY OF CHRONIC 
CYSTIC MASTITIS 


The results of endocrine therapy in chronic 
mastitis is pertinent to the subject, since proof 
of the effectiveness of such an agent would be 
strong evidence for the hormone nature of the 
disease. A review of the history of hormone 
therapy in breast conditions is a disillusioning 
exercise. 

Chronic mastitis has been treated by each 
of the new sex endocrines as they became 
available and, to judge from published reports, 
all methods have been more or less successful. 
Substances which have allegedly been followed 
by improvement include the following: ova- 
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TABLE VI.—EFFECTS OF NONSPECIFIC 
METHODS OF THERAPY 


No. Im- No 
cases Cured proved change 
Gynecologic operation..... 16 6 9 I 
Nonsurgical gynecological 
Rr ae 8 2 5 I 
Desiccated ovarian extracts. 39 21 II 
Results for 63 cases, per cent 23.8 55-5 20.7 


rian residue (20); estrogenic substances by 
mouth (12, 19, 30, 54); estrogenic substances 
by injection (21, 32, 42, 75, 77); prolactin (32); 
corpus luteum by mouth (8, 45); corpus luteum 
by injection (31); luteinizing gonadotropic 
hormone (13); and androgenic hormones (3, 
22, 23, 25, 34, 40, 52, 63, 64, 71). Opinions on 
dosage have varied as widely as those on the 
type of hormone to be used. The “effective” 
dose of the estrogens has, for example, 
ranged from the negligible quantity present 
in the desiccated tablets to over 10,000 units 
at an injection. Recommended doses of test- 
osterone vary from 1o to 500 milligrams a 
month. 

The physiologic basis for hormone therapy in 
chronic mastitis. The rationales suggested for 
the use of the endocrines have been based on 
conflicting theories of the cause of the disease. 

The estrogens were first given because the 
scant menstruation suggested an underfunc- 
tion of the ovary (19) and later to overcome a 
supposed excessive corpus luteum stimulation 
of the breast (18). Yet such a therapy obvious- 
ly is given in complete disregard of the known 
proliferative effects of the estrogens on the 
breast epithelium of laboratory animals. Cer- 
tain observations, furthermore, have shown 
that these substances in sufficient dosage will 
also produce epithelial growth in the human 
breast (3, 39). An increase in the tissue fluid 
should likewise be favored by the estrogens, 
and swelling of the breasts has been observed 
to follow clinical treatment (53, 56, 76). Ex- 
cellent physiological grounds can therefore 
be found for the statement that the estrogens 
are contraindicated in adenofibrosis of the 
breasts. 

For nonpuerperal secretion, however, a rea- 
sonable basis for estrogenic therapy might be 
found. Experiment has shown that secretion 
tends to develop in the mammary glands at 
the end of a period of estrogenic stimulation 


and during a time of anterior pituitary ac- 
tivity. It has further been shown—certainly 
in the laboratory (51, 60) and probably in the 
clinic (1, 24, 44, 49, 57)—that estrogenic sub- 
stances will inhibit lactation after parturition. 
That the estrogens would, temporarily at 
least, suppress the abnormal nonpuerperal se- 
cretion, might at least be hoped. 

The use of the androgens or male hormones 
rests on a sounder theoretical basis. ‘These 
substances have found a use in a number of 
gynecologic conditions, such as dysmenorrhea 
and uterine bleeding, in which their effective- 
ness seems to be due to an inhibition of the 
anterior pituitary gland and a consequent re- 
duction in ovarian hormone production. Fail- 
ure of glandular development and a lowering 
of the incidence of mammary cancer in mice 
has been reported to follow injections of test- 
osterone propionate (50). On the other hand, 
testosterone has also been found effective in 
suppressing postpartum lactation (6). For 
these reasons a beneficial effect on either type 
of chronic mastitis might be expected from 
male hormone therapy. 

Clinical articles on the use of the androgens 
in chronic mastitis are for the most part un- 
controlled case reports and must be accepted 
with caution. The careful studies of the two 
English writers, Atkins and Spence, do sug- 
gest that some benefit may actually result 
from giving an androgen in these breast cases. 
That these effects are temporary and affect 
little more than the menstrual cycle during 
which the therapy is given might also be ex- 
pected and was the actual observation made 
by Atkins. 

Against all other hormones that have been 
used physiological objections can also be 
raised. Corpus luteum therapy has been given 
to correct a lack of balance in the estrogen- 
corpus luteum ratio but such an “imbalance”’ 
has not been demonstrated. The complicated 
results of the administration of any of the 
anterior pituitary principles make the effect 
of their injection on the human breast very 
problematical. Their influence should, how- 
ever, be in general one of stimulation and 
hence probably not to be desired. 

The normal course of chronic mastitis. Prac- 
tically all functional disturbances of the re- 
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TABLE VII.—TYPES OF HORMONE THERAPY IN 73 CASES OF CHRONIC MASTITIS 


















































Total Total Monthly —— Bi ot Range of 
cases average dose average dose yl months of = f 
therapy 

Estrone Type t Int. units 10 4,700 2,100 450- 10,000 , —* ce ae 1-4 
Estrone Type 2 Int. units II 46,000 22,500 2,500-60,000 - aa 1-4 
Estrone Type 3 Int. units 8 140,000 50,000 2,250-115,000 2.2 1-6 
Estradiol benzoate Int. units 7 301,000 183,000 60,000-600,000 2.8 1-6 
Progesterone Int. units 2 15 6 3-15 2.5 2-3 
Gonadotropic luteinizing Rat units 14 4,590 1,090 600-—2,000 4.0 2-9 
Lactogenic hormone Bird units 10 1,440 720 120-720 2.0 1-2 
Testosterone propionate Milligrams II 350 175 100-350 2.0 I-4 








productive organs are characteristically inter- 
mittent in their production of symptoms. For 
that reason all methods of therapy in this 
field are followed by a certain percentage of 
apparent improvement. A preliminary esti- 
mation of this rate of spontaneous cure or 
amelioration is essential for the study of any 
new therapeutic agent used for chronic mas- 
titis, just as it is for dysmenorrhea, amenor- 
rhea, and uterine bleeding. 

Two groups of cases are available to us as 
controls. (a) Thirty cases of chronic mastitis 


TABLE VIII. —IMMEDIATE EFFECT OF HORMONE 
TREATMENT IN CHRONIC MASTITIS—-RESULTS 





















































were followed in the clinic without treatment 
over a 2 year period. At the end of this time a 
cure or improvement in subjective symptoms 
was reported by a little over a half (Table X). 
(b) In a previously published series of 63 
cases (65) inactive substances or irrelevant 
methods of treatment were used (Table VI). 
This group serves as a particularly valuable 
control, since the patient had the advantage 
of confidence in the therapy. Among these 


TABLE IX.—LATE EFFECTS OF HORMONE TREAT- 
MENT OF CHRONIC MASTITIS—-RESULTS TWO 
YEARS AFTER THERAPY 








































































































DURING MONTHS OF ADMINISTRATION Pain Nodularity Secretion 
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—_—— —- 00,000- 
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TABLE X.—RESULTS OF HORMONE THERAPY IN 
RELATION TO FREQUENCY OF SPONTANEOUS 



























































IMPROVEMENT 
Pain Nodularity Secretion 
Type of Total | Cases Per Cases Per Cases Per 
treatment cases | with cent with cent with cent 
iets - | cured = | cured = | cured 
this or this or this or 
SYMP-| jm- |SY™P-| im- | S¥™P-| im- 
tom a tom 7 tom 7 
proved proved proved 
Nonspecific 
therapy 63 63 78 
Observation only 
2 years 30 28 54 28 39 5 ° 
All hormones: 
immediate 
results 73 69 42 68 13 23 9 
All hormones: 
results after 
2 years 7 68 64 37 64 _30 2s [ sf 


patients about three-quarters reported im- 
provement or cure following their supposed 
treatment. 

The explanation of these somewhat sur- 
prising results is simple enough. The pain and 
premenstrual engorgement are symptoms 
varying in a given woman from month to 
month. The patient with this type of breast 
disease almost invariably applies to a physi- 
cian in great anxiety at a time of exacerbation 
of symptoms. It is almost a certainty that 
from the peak of symptoms which brought 
the patient to the clinic some amelioration 
will occur in immediately succeeding months. 

It has been our experience, however, that 
when fibrotic change has developed in the 
breast to any marked degree, although it may 
become less painful or even symptom free, 
some evidence of nodularity will persist al- 
most indefinitely. The secretion of milky or 
oily material from the nipples is also a con- 
dition subject only to gradual change. It 
lasts as a rule for many months and even well 
into the menopause. 

Effect of injections of various hormones in 
chronic mastitis. Between 1932 and 1939, 73 
cases of chronic mastitis have been treated 
in the Memorial Hospital Breast Clinic by 
injections of some hormone preparation.’ The 


1Although many of these patients were treated some time ago acknowl- 
edgement should be made to Dr. Max Gilbert of the Schering Corpora- 
tion for estradiol benzoate (progynon B) and testosterone propionate 
(oretone); to Dr. J. A. Morrell of E. R. Squibb and Sons for supplies of 
estrone (amniotin), gonadotropic luteinizing substance (follutein) and 
prolactin. 
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TABLE XI.—HYPOTHETICAL SCHEME OF RELA- 
TIONSHIP OF TYPES IN CHRONIC MASTITIS 


Stage of functional 
disturbance 


Type tr: 
adenofibrosis 
Premenstrual 
engorgement. 
Mastodynia 


Type 2: 
duct dilatation 
stasis of secretion 
Nonpuerperal secretion 
Galactorrhea 





Stage of diffuse tissue 
changes 


Stage of localized 


secondary neoplasia 


Causative factors 


Nodular induration 
of outer quadrants 

Fibrosis 

Adenofibrosis 


Duct dilatation 

Stasis of secretion 

Periductal 
inflammation 





Types becoming 


indistinguishable 





Ovarian hormone 
Nervous factor 


Adenomatous Hyperplasia of duct 
proliferation of the | Papillomas 
small ducts and Cysts 
acini 

Cysts 


Ovarian dysfunction 
Pituitary dysfunction 








Vascular factor 7 





substances employed included the following: 
various preparations of estrogens, in doses 
ranging from less than 3,000 to more than 
100,000 international units a month; estradiol 
benzoate, in doses up to 600,000 units a month; 
lactogenic substance (prolactin); gonado- 
tropic luteinizing substance; corpus luteum 
and testosterone propionate. The distribu- 
tion of cases, the dosage employed, and the 
effects of the therapy both during and after 
treatment are given in detail in Tables VII, 
VIII, and IX. 

From a study of Table VIII it appears prob- 
able that some improvement in the pain of 
adenofibrosis occurred during the actual 
months of administration of testosterone pro- 
pionate and perhaps also of prolactin. Re- 
evaluation of the cases after 2 years, however, 
showed that in no hormone group was the im- 
provement in the pain or nodularity signifi- 
cantly greater than in the control series 
(Tables [X and X). There was indeed a pos- 
sibility that the estrogens actually retarded 
recovery, since the proportion of improved 
cases in the groups so treated was actually 
lower than could have been anticipated from 
spontaneous remission alone. 

In regard to the symptom of abnormal se- 
cretion, one must note that the figures point 
to an improvement in one-third of the hor- 
mone treated cases, 2 years after therapy was 
given. On the other hand evidence for an 
immediate effect was slight, a point em- 
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TAYLOR: ENDOCRINE ASPECTS OF CHRONIC MASTITIS 


phasized by the failure of 600,000 units of 
estradiol benzoate to suppress the secretion 
in Case 9. 

Effect of radiation of the ovaries. In contrast 
to the results obtained when stimulating hor- 
mones are employed, are those obtained when 
the ovaries are removed or radiated. The 
cases, in which such therapy for breast dis- 
ease is justifiable, are of course exceptional. 
Our experience with 18 cases so treated (68) 
show that pain is invariably cured or im- 
proved and the nodularity usually somewhat 
lessened. Abnormal secretion, on the other 
hand, is very slightly affected for some time. 

Summary on Therapy. From this experience 
it is our opinion that glandular therapy up to 
the present time has been of no benefit in the 
treatment of chronic mastitis. No hormone 
we have used to date has produced permanent 
results exceeding the anticipated rate of spon- 
taneous improvement. The estrogens in par- 
ticular are probably contraindicated in view 
of their capacity to cause epithelial prolifera- 
tion and breast engorgement. The androgens 
and perhaps progesterone may produce tem- 
porary improvement by suppressing ovarian 
function, but there is no reason to suppose 
that these results will be permanent. The sin- 
gle established fact in regard to hormone 
therapy is that abolition of the ovarian func- 
tion by castration will cause cessation of pain 
in almost all cases of adenofibrosis and a slow 
but definite disappearance of the nodularity. 


SUMMARY AND CONCLUSIONS 


In Table XI is presented a scheme of the re- 
lationship of different types of so-called chronic 
mastitis. It is presented as a hypothesis which 
seems best to explain the facts now available 
on this subject. 

There are two types of abnormal reaction in 
the breast which appear to be the result of 
hormonal or other constitutional agents. Each 
appears in a purely functional stage, but on 
the basis of each characteristic organic changes 
may develop. 

Type 1 (adenofibrosis) is at first character- 
ized only by premenstrual pain and swelling, 
which seems almost certainly to be due to 
vascular engorgement or increase in tissue 
fluids. A diffuse induration of the outer 
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quadrant of the breast due to a proliferation 
of the connective and epithelial tissues is, 
however, found in most of these cases and 
indicates a second stage. A relationship be- 
tween the excessive premenstrual engorge- 
ment and the development of the diffuse 
fibrosis is suggested by the almost invariable 
association of the two conditions. Isolated 
nodules of epithelial activity produce the 
lumps that require excision but are perhaps 
purely secondary, localized phenomena de- 
veloping on the basis of the general adenofi- 
brosis. 

Among causative factors it is evident that 
an actively functioning ovary is a prerequisite 
to the development of this disease. Yet the 
infrequency of changes in the cycle of men- 
struation, the usually normal endometrium, 
the inability of various workers to agree on 
any abnormality of hormone excretion and 
the apparent failure of all endocrine therapy 
(except castration) speak against any simple 
quantitative abnormality of sex hormone phys- 
iology. 

The clinical evidence for an excessive pre- 
menstrual vascular reaction in the breasts of 
these patients is unmistakable and with this 
are often found clinical signs of a similar dis- 
order in the pelvis. A general nervous in- 
stability often with local hyperesthesia of the 
breast is commonly present in these patients. 
Many signs point therefore to the need of 
studying these nervous and vascular factors 
to determine whether through such agents an 
abnormal environment may be set up about 
cells of the breast which could lead to the 
organic changes of adenofibrosis. 

Type 2 (nonpuerperal secretion) in its func- 
tional stage is characterized by a milky dis- 
charge from the nipple and histologically per- 
haps by slight hyperplasia of the acini. There 
soon develops a condition in which dilated 
ducts become filled with desquamated cells 
and stagnating secretion. That periductal in- 
flammation, cysts, and hyperplastic or meta- 
plastic changes in the duct lining may result 
when such a condition is of long standing seems 
probable. 

In many cases of this type an endocrine dis- 
turbance in the form of grossly disturbed men- 
strual cycles is quite evident. Atypical curves 
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of hormone excretion are suggested in 2 cases 


of this study. 


Treatment with the estrogens 


or androgens has a fairly good justification on 
theoretical grounds but our own results were 


inconclusive. 


For these reasons, but princi- 


pally because stimuli of the hormone type are 
the essential causes of milk formation, it seems 
probable that an abnormal milk-like discharge 
from several ducts has often an endocrine 
basis. 


Il. 


12 


13. 
14. 


16. 


17. 


18. 
19. 


20. 
21. 


23. 
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I. THE EFFECT OF PLASMA TRANSFUSION UPON THE 
SERUM PROTEINS AND BLOOD VOLUME OF DOGS 
RENDERED HYPOPROTEINEMIC BY DIET 


EDWIN W. SHEARBURN, M.D., University, Virginia 


YPOPROTEINEMIA frequently 

occurs in patients with lesions of 

the gastrointestinal tract (8, 12, 16, 

20). The coincident edema of the 

tissues impedes wound healing (23) and dimin- 

ishes the motility of the small intestine (3). 

In addition, postoperative edema of anasto- 

motic stomas may so narrow the lumina that 

signs and symptoms of obstruction will follow 

(16). The therapeusis of nutritional edema 

encountered by the surgeon has been directed 

along essentially two lines of approach, name- 

ly: (a) transfusions of fresh or preserved 

plasma, in the hydrated (13, 22) or dehydrated 

(lyophile) form (21, 24) and (b) the intra- 

venous injection or transduodenal alimenta- 
tion of amino acids (8, 21) or proteins (1). 

The utilization of transfused plasma protein 
has been studied in dogs by various workers 
(6, 11, 19, 25). Weech and his co-workers have 
shown that the plasma protein concentration 
of hypoproteinemic dogs cannot be restored to 
normal by the single injection of massive 
amounts of plasma (25). Other experimenters 
have recorded the metabolism and utilization 
of small transfusions of plasma in fasting (6, 
19) and hypoproteinemic (11, 15) dogs and 
they have demonstrated that the excess pro- 
tein is not excreted in the urine as urinary 
nitrogen. 

The purpose of this study has been to in- 
vestigate the effect of plasma transfusions 
upon the serum proteins and blood volume of 
dogs rendered hypoproteinemic by prolonged 
ingestion of a protein-free diet. Studies were 
made after: (a) single massive plasma trans- 
fusions and (b) after multiple small plasma 
transfusions. 

From the Department of Surgery and Gynecology and the 
University Hospital, University of Virginia School of Medicine. 

Presented in the Forum on Fundamental Surgical Problems 


before the Clinical Congress of the American College of Surgeons, 
Boston, November 3-7, 1941. 


METHODS 


All dogs were given an anthelminthic before 
experimental procedures were begun. The 
dogs were fed the essentially protein-free diet 
suggested by Melnick, Cowgill, and Burack(18) 
(Table I). This diet was offered in amounts 
of 70 calories per kilogram of body weight 
per day. 

Plasma volumes were determined by a 
macro-modification of the method described 
by Gibson and Evelyn. A uniform dose of 
Evans blue dye (10 mgm.-in 10 c.c. of dis- 
tilled water) was injected intravenously in all 
animals regardless of weight. With this pro- 
cedure good readings were obtained when 1 
cubic centimeter of plasma was diluted to 10 
cubic centimeters with saline. The K-values 
for two different lots of dye were found to be 
0.144 and 0.147. Following injection of the 
dye, 5 cubic centimeter samples of blood were 
withdrawn after 15, 25, 35, and 45 minutes 
and were prevented from clotting with hep- 
arin. Concentration of the Evans blue dye 
was determined by means of an Evelyn photo- 
electric colorimeter and the values were extra- 
polated for calculation of plasma volumes (10). 


TABLE I.—MODIFIED COWGILL DIET 





Amount Calories 
Food per cent Absolute Per cent 
rere 55.10 220 44.7 
MI ok oe ctansnncaun 18.17 73 14.7 
I ny aaaw tee eeae 16.65 150 30.4 
eer 6.54 50 10.2 
he ere 2.36 — -- 
Salt mixture (26).......... 1.18 _ _ 
100.00 493 100.0 


*Butter figured at 7.7 cal-gm-pH-acid to litmus. 


Vitamins 


Thiamin tablets, containing 0.75 mgm. of thiamin 
chloride—equal to approximately 250 international units 
of vitamin B, were given 1 dog, per day. 

Liver extract 343 (Eli Lilly) was given in amounts equal 
to 210 mgm. per kilogram of body weight per day. 

Haliver oil, 10 drops, was given once daily. 


343 
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Chart 1. Average changes in weight, total circulating 
protein, total blood and plasma volume, erythrocyte 
volume per cent (hematocrit), hemoglobin, total serum 
protein and albumin fraction concentration in 2 groups of 
4 dogs each during 8 weeks on low protein diet. 


Changes in blood volume after intervals of 30 
to 40 minutes were calculated from variations 
in the erythrocyte volume per cent. Hema- 
tocrit determinations were made on heparin- 
ized blood with the Winthrobe tube. 

Serum protein determinations were made by 
the micro-Kjeldahl procedure. Albumin and 
globulin were separated by the use of 22 per 
cent sodium sulphate. Nonprotein nitrogen 
determinations were made according to the 
Kock-McMeekin method (7) modified for 
reading with the photoelectric colorimeter (9). 
All determinations were made in duplicate 

Blood for plasma transfusions, withdrawn 
from a group of donor dogs, was prevented 
from clotting by the use of heparin except in 
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Chart 2. Change in weight and erythrocyte volume per 
cent (hematocrit) and total blood and plasma volume per 
unit of body surface in each of 2 dogs during 8 weeks 
of protein depletion. 


one instance when sodium citrate was used. 
Plasma, removed by centrifugation and stored 
in liter flasks at o degree to 4 degrees C. until 
ready for transfusion, was analyzed for total 
protein, albumin, and globulin concentration. 
The total serum protein concentration of the 
pooled donor plasma varied from 5.6 to 6.3 
grams per cent. 


RESULTS 


Effect of low protein diet on blood volume and 
serum proteins. In order to study the changes 
in the weight, total circulating protein, total 
blood volume, plasma volume, hematocrit, 
hemoglobin, and both the total and_ the 
albumin fraction of the protein concentration 
after the inauguration of the protein-free diet, 
a group of 4 dogs (group I) was studied at 
weekly intervals until there was a marked 
hypoproteinemia. The results are shown in 
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Chart 1 from which it is noted that there is a 
gradual decrease in all the values over a period 
of 8 weeks. It is apparent that the decrease in 
the total protein concentration is due to the 
diminishing albumin fraction. 

To eliminate excessive bleeding as a factor 
in the development of hypoproteinemia, an- 
other group of 4 dogs (group IT) also shown in 
Chart 1 was studied at monthly intervals. It 
was found that the development of hypo- 
proteinemia and changes in blood volume 
were similar to those seen in group I. In 2 
dogs (Chart 2) total blood and plasma volumes 
were calculated on the basis of 100 square 
centimeters of body surface area (5). The 
plasma volume decreased slightly with the 
development of hypoproteinemia and reduc- 
tion in the absolute plasma volume. By these 
same methods of calculation the total blood 
volume decreased proportionately with the 
development of anemia and a decrease in the 
absolute plasma volume. 

Effect of plasma transfusions on blood volume 
and blood proteins in hypoproteinemic dogs. 
Two hypoproteinemic male dogs were given 
volumes of plasma calculated theoretically to 
restore the serum protein level to a normal 
value of 7 grams per cent. The plasma was 
injected into the jugular vein with a syringe 
and the entire amount was given in about 10 
minutes. These animals were continued on the 
low protein diet during the period of observa- 
tion which lasted a week. 

The most striking effects (Chart 3) were the 
immediate but transient increases in the total 
blood and plasma volumes, both returning to 
the pretransfusion levels within 3 days. The 
injected plasma exerted a diluting effect as 
shown by the hematocrit values. The protein 
concentration and total circulating protein of 
the sera showed only a comparatively small 
rise despite the large amounts of plasma 
injected. 

A study of the serum proteins and blood 
volumes after small daily transfusions of 
plasma for 2 weeks was made in 5 hypopro- 
teinemic dogs (Chart 4). Analyses were made 
at intervals of 18 to 24 hours after the preced- 
ing transfusion. 

A single daily 50 cubic centimeter transfu- 
sion of plasma was followed by a gradual 
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Chart 3. Immediate and late effects of massive plasma 
transfusion upon plasma volume per kilogram of body 
weight, hematocrit, total blood and plasma volume, total 
circulating protein, total serum protein and albumin frae 
tion concentration in two hypoproteinemic dogs. — .- 
No. 1, given 220 cubic centimeters of plasma. T.P.=5.37; 
A/G =1.08; 0 - - -o No. 2, given 215 cubic centimeters 
of plasma. T.P.=6.16; A/G=1.44. 





increase in the serum protein concentration in 
3 dogs. At the end of the experimental period 
there were increases of 20, 23, and 58 per cent 
above the initial hypoproteinemic level. The 
effect of removal of about 120 cubic centi- 
meters of blood in each animal for analyses 
during the 2 weeks period cannot be adequate- 
ly gauged. It would seem that without this 
withdrawal the actual increase in protein con- 
centrations might have been appreciably 
greater. The absolute plasma volume showed 
no change in 2 animals and increased 12 per 
cent in 1 dog at the end of the experiment. 
From the percentage concentration of serum 
proteins and the plasma volumes, it was pos- 
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Chart 4. Effect of one or two small (50 c.c.) plasma 
transfusions daily upon the serum protein concentration of 
5 hypoproteinemic dogs. 


sible to calculate the total circulating protein; 
these values were 22, 40, and 60 per cent, 
respectively, above the pretransfusion levels. 

Two hypoproteinemic dogs (Chart 4) were 
transfused twice daily with 50 cubic centi- 
meters of plasma. The increases in serum pro- 
tein concentration were 57 and 75 per cent, 
above the initial values. The absolute plasma 
volumes of these 2 dogs increased 15 and 25 
per cent, respectively. The calculation for the 
total circulating protein showed that there 
was an increase of gt and 137 per cent, respec- 
tively, in these animals. The total blood 
volumes in these 2 groups of animals decreased 
during the period of experimentation due to 
the increasing anemia. Plasma volume per 
unit of body surface increased slightly with the 
rise in serum protein concentration in both 
groups of dogs (Chart 5). 


EVALUATION OF STUDY 


The changes occurring in serum protein in 8 
dogs maintained on a protein-free diet are 
similar to those previously reported by Weech 
and his co-workers. These investigators de- 
scribed a gradual decrease in the plasma al- 
bumin and an accompanying increase in 
plasma globulin. In the present experiments, 
it was found that the albumin fraction de- 
creased but that there was no consistency in 
the behavior of the globulin fraction in the 
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Chart 5. Effect of one or two small (50 c.c.) plasma 


transfusions upon plasma volume per unit of body surface 


area. 


individual experimental animals. The de- 
crease in the albumin globulin ratios was due 
to the decrease in the albumin concentration 
rather than to the increase in globulin 
concentration. 

A number of investigators (4, 14, 17) have 
associated a decrease of the plasma albumin 
concentration with a proportionate drop in 
plasma volume. There was no attempt made 
by these authors to determine the effect of 
weight loss by correlating plasma volume 
changes per unit of body weight or body 
surface. In the present experiments the plasma 
volume showed only a slight reduction per 
unit of surface area despite the loss of weight 
and the decrease in plasma albumin. 

Weech demonstrated that the protein con- 
centration of a hypoproteinemic dog could not 
be returned to normal by a single massive 
transfusion of plasma. His work has been con- 
firmed in these experiments. In addition, ac- 
curate determinations indicated that the 
blood volumes in these animals were only 
temporarily increased after transfusions of 
comparatively large amounts of plasma. From 
the work of other investigators (2, 19, 27) it 
appears that plasma proteins can be utilized 
or stored in animals that have undergone pro- 
tein depletion. Hence it is not surprising that 
transfused plasma given in single large amounts 
did not appreciably increase the serum protein 
concentration in hypoproteinemic dogs. 

Daily single plasma transfusion in small 
amounts was responsible for a moderate in- 
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crease in the serum protein concentration of 
hypoproteinemic dogs. More frequent trans- 
fusions (twice daily) produced a marked in- 
crease in the protein concentration. Despite 
the rather marked increases in serum protein 
concentration, changes in plasma volume, 
both absolute and per unit of body surface 
were relatively slight. 


SUMMARY AND CONCLUSIONS 


1. The protein concentration, total blood 
volume, and plasma volume were determined 
in dogs made hypoproteinemic by feeding an 
essentially protein-free diet. There was an 
appreciable decrease in the blood protein and 
volume on such a diet. Plasma volumes calcu- 
lated on the basis of body surface area also 
decreased during the depletion period. 

2. Single plasma transfusions, calculated 
to restore the serum protein concentration of 
these hypoproteinemic dogs to normal, were 
ineflective. 

3. Serum protein concentration was effec- 
tively increased by small plasma transfusions 
given once or twice daily. 

4. There appeared to be a relationship be- 
tween serum protein concentration and plasma 
volume, both absolute and per unit of body 
surface area. 
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AN EVALUATION OF BLOOD AND BLOOD SUBSTITUTES 
MARK M. RAVITCH, M.D., and ALFRED BLALOCK, M.D., F.A.C.S., Baltimore, Maryland 


ARS have served as the incentive 

for many advances in surgery. 

The uses of blood and substitutes 

for blood have received particu- 
lar attention in wartime, and a number of 
important contributions have resulted. The 
employment of stored or preserved blood and 
of plasma was recommended during the last 
world conflict, but the suggestions did not 
receive the attention which they merited. 
These remarks are not meant to imply that 
the need for blood and its substitutes is pecul- 
iar to warfare. The increase in the numbers 
of operations and of injuries in civil life has 
extended greatly the indications for the em- 
ployment of intravenous injections in the pre- 
vention and treatment of peripheral circula- 
tory failure. The realization that shock should 
be recognized and treated in the early rather 
than in the fully developed stage has resulted 
in the saving of many lives. 

The importance of the subject under con- 
sideration is demonstrated by the fact that 
one of the first of the studies which were re- 
quested of the National Research Council by 
the Medical Corps of the Army and Navy 
was on the use of blood and blood substitutes. 
At the initial meeting of this committee more 
than a year ago Dr. W. B. Cannon mentioned 
the need for improvements in methods for pre- 
paring, preserving, and administering solu- 
tions which are already available. In addition, 
he pointed out the desirability of preparing 
fractions of blood from man and animals 
which might be as good as or superior to these 
fluids. The brilliant work of Dr. Edwin Cohn 
and his group has resulted already in the 
separation of human albumen, which for some 
purposes appears to offer many advantages. 

In any choice of a blood substitute one 
must have clearly in mind the particular 
function of the blood which requires reinforce- 
ment. These functions, all interrelated, may 
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be separated for purposes of discussion. They 
include oxygen transport by the red cells, 
osmotic pressure maintenance by the plasma 
proteins, coagulation through the prothrom- 
bin-fibrinogen mechanism, nutrition with 
special reference to the réle of the plasma 
proteins, participation in body response to 
infection through complement and circulating 
antibodies, and phagocytosis by the leuco- 
cytes. 

It is at once obvious that whole blood, and 
preferably fresh whole blood, is the one fluid 
which will fortify the circulating blood in the 
performance of all of its functions. While we 
shall discuss the relative advantages of given 
substitutes in various conditions, it must be 
remembered that in most conditions all sub- 
stitutes for whole fresh blood are inferior. It 
is doubtful whether under any but a few 
special circumstances any of the substitutes is 
superior to whole blood. Even in the hemo- 
concentration associated with severe burns 
the objection to the use of whole blood has 
probably received more emphasis than it de- 
serves. If the total blood volume is maintained 
at an essentially normal level, pronounced 
degrees of hemoconcentration are tolerated 
remarkably well. 

While in a given instance replacement of 
blood because of disturbance of a single func- 
tion is the primary concern, several of the 
functions are probably simultaneously af- 
fected. In addition, when dealing with 
wounded men or with patients on the op- 
erating table one must realize that treatment 
is being given to a person who will not be 
restored at once to full health. Problems of 
nutrition, hydration, and infection will have 
to be met, and the handicapped organism, 
especially with the additional burdens im- 
posed by wartime conditions, may have dif- 
ficulty in replacing water, proteins, and per- 
haps even the formed elements of the blood. 
Any foreign substance such as acacia or pectin, 
however valuable its immediate effect, must 
either be excreted with more or less rapidity, 
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in which case its specific effect is temporary 
and it serves not at all as a real replacement 
for the depleted stores of protein and cir- 
culating cells, or else it is deposited in the 
tissues, where it may be positively harmful. 
Nevertheless, numerous practical considera- 
tions force us to be satisfied with substitutes 
for whole fresh blood, and for many purposes 
some of these substitutes are so efficacious 
that the loss is not great. Thus, almost all of 
us now use refrigerated blood because of its 
convenience and availability, reserving the 
use of fresh unstored blood for special 
conditions. 

In the evaluation of blood substitutes the 
qualities for consideration are first of all ef- 
fectiveness and safeness. Regardless of all 
else, our substitute must do its job well with- 
out adding unwarranted hazards. Ease and 
cost of preparation in adequate quantity, sim- 
plicity of administration, and capability of 
storage and transportation are the secondary 
qualities which determine the choice of a sub- 
stitute from among those of equal value and 
innocuousness. 

Oxygen transport. Whole human blood is 
the most effective agent for the transport of 
oxygen. Blood—fresh, briefly stored, or pre- 
served with added glucose—is the only mate- 
rial available for clinical use which will ade- 
quately subserve this function. The older the 
blood, the fewer are the red blood corpuscles 
which are intact and the shorter is their ex- 
pected life in the blood stream of the recipient, 
although in stored blood there is little change 
in this direction during the first week. Preser- 
vation of blood with added glucose lengthens 
the life of the cells and retards the increase in 
fragility, but has the disadvantages of dilution 
and large bulk. In shock, when inefficiency of 
the circulation due to lowered plasma volume 
interferes with the oxygen-carrying power 
of the blood, the administration of serum, 
plasma, or any other materials, thereby cor- 
recting this condition, at least temporarily, 
results in improved oxygen transport. All of 
us have seen patients getting along remark- 
ably well with a red blood cell count of 
1,000,000 as a result of gradual blood loss. 
The plasma volume in such cases will be about 
normal. In acute severe hemorrhage, how- 


ever, most patients will not tolerate the loss 
of even one-half of the total blood volume 
unless replacement therapy is employed. In 
other words, although one-half of the red 
blood corpuscles may still be present in the 
vascular bed, the patient may yet succumb 
because of the lowered plasma volume. On 
the other hand, the early administration of 
plasma or serum following severe blood loss 
will render more effective the reduced number 
of corpuscles remaining and recovery will 
usually result if the bleeding has been con- 
trolled. In such circumstances plasma or 
serum is not so efficacious as whole blood, but 
the results are usually satisfactory. 

In anemia, then, acute or chronic, whole 
blood, as fresh as possible, is best. In acute 
hemorrhage any effective blood substitute 
may be used while whole blood is being ob- 
tained or while hemorrhage is being arrested. 
To treat a patient with a ruptured ectopic 
pregnancy or a bleeding gunshot or stab 
wound with plasma or serum alone is to run 
unnecessarily the risk of increased hemorrhage 
due to a rise in blood pressure before bleeding 
has been arrested. If the hemorrhage can be 
promptly controlled, this treatment may be 
safe. It is dangerous to treat vigorous gastric 
bleeding with plasma or serum unless prepara- 
tions for operation are under way. Even after 
the hemorrhage has been controlled the re- 
sultant severe anemia will handicap the pa- 
tient and necessitate blood transfusion. When 
blood is available it is much better to give it 
at once. And it can now be made constantly 
available, in all hospitals at least. 

Recently Amberson in Baltimore, Cannan 
in New York, and O’Shaughnessy in England 
have aroused interest in the use of hemoglobin 
alone. Pure crystalline human hemoglobin 
can be prepared and maintained in stable 
solution, or lyophilized if desired. Because of 
the efficiency of extracorpuscular hemoglobin 
in carrying oxygen, cats can be kept alive 24 
to 36 hours on feline hemoglobin after all of 
their red blood cells have been removed. In 
addition, this hemoglobin exerts an osmotic 
effect several times greater than that of the 
plasma proteins. Human beings have been 
given large doses of hemoglobin intravenously 
without ill effect. This employment of hemo- 
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globin is particularly attractive in view of the 
volume of red blood cells discarded in the 
preparation of plasma. The injected hemo- 
globin, however, soon alters to inactive 
methemoglobin and in being excreted throws 
an added burden on the kidneys. 

Maintenance of osmotic pressure of the plasma 
proteins. Shock represents the chief acute 
condition requiring the reinforcement of this 
function of the blood. Again, except perhaps 
in burns, whole blood is superior to all other 
substances; it treats the shock as effectively 
and at the same time provides red blood cells 
and, if fresh enough, white blood cells and 
platelets as well. The exigencies of medical 
practice, however, and especially of military 
medical practice, have been responsible for 
the search for suitable substitutes. 

Both plasma and serum are approximately 
equally effective. There is a somewhat 
greater likelihood of unfavorable reactions 
when serum is employed. Plasma contains 
fibrinogen, which serum lacks. They are pre- 
pared and administered with about equal ease. 
Plasma is more conveniently employed in 
connection with blood banks than is serum, 
but serum is more readily run through bac- 
teriological filters, if that is desired. Both are 
capable of long storage and transportation— 
liquid, frozen, or dried. As to the relative 
merits of the substances in the various 
physical states, liquid plasma is most readily 
administered, frozen plasma preserves the 
various protein elements best, and dried 
plasma is most conveniently transported. 
Dried plasma requires expensive and elaborate 
equipment for large scale production. Liquid 
plasma offers least resistance to bacterial 
growth, frozen plasma must be rapidly thawed 
in a water bath at 37 degrees C., and dried 
plasma must be regenerated with distilled 
water suitable for parenteral use. All have the 
advantage over blood of being capable of long 
storage and of not requiring matching before 
administration. In this last respect they are 
probably safer than blood, although the 
possibility of bacterial contamination offsets 
the advantage of freedom from incompat- 
ibility reactions. Liquid or frozen plasma 
seems best suited to civilian use, or to military 
use on a fixed battlefront, as in England at 


present. Dried plasma finds its chief employ- 
ment in shipment to foreign stations and on 
naval vessels. 

Some workers in the field have put forth as 
an advantage of the dried material the fact 
that it can be redissolved in a small volume of 
water, producing a hypertonic solution which, 
when injected into the blood stream, exerts a 
powerful osmotic pressure, drawing fluids 
from the tissues and “‘reversing the mechanism 
of shock”’ as it is stated. Unfortunately most 
patients in shock—and this is particularly 
true of soldiers wounded on the field of battle 
and of burned patients—are not only already 
dehydrated or in need of fluids, but are enter- 
ing on a period of their illness when water 
intake will be of great concern, so that it 
would be well not to increase the tissue water 
debt at the start. However, the idea of ad- 
ministering the proteins from a pint of blood 
in a single 50 cubic centimeter injection is 
very attractive and offers possibilities for 
treatment of shock far forward in the battle 
zone. 

It has been found by Dr. Cohn and his 
associates at Harvard that human plasma 
can be fractionated into its various protein 
constituents, which, reduced to pure crystal- 
line states, may be redissolved, forming stable, 
nonviscid solutions which flow readily through 
small needles. Albumen, the largest fraction, 
is the one which exerts the greatest osmotic 
force. Hypertonic solutions of albumen ob- 
tained from alcohol fractionation of human 
plasma have been employed in a small number 
of cases and seem extremely effective in the 
treatment of shock. Unlike the substances 
which will next be discussed, the albumen 
thus injected is utilized by the body. Pro- 
duction is said to be cheaper and simpler than 
the preparation of dried plasma, but quantity 
production is similarly limited by the diffi- 
culties in the procurement of large quantities 
of human blood. Bovine albumen, prepared 
by the same method, solves the problems of 
quantity and cost, but thus far the bovine 
albumen has not been free from a small frac- 
tion of globulin. The occurrence of sensitivity 
reactions in human beings given this material 
has been attributed to this fraction. If bovine 
albumen, which in itself seems not antigenic, 
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can be obtained in sufficiently pure form to be 
safe, a very nearly ideal plasma substitute for 
military use and for some civilian uses will 
have been found. 

Human fluids other than blood and its 


derivatives have been employed. While 
pleural fluid, and even that occurring in a 
case of chylothorax, has been safely injected 
intravenously, most attention has been paid 
to ascitic fluid. Of this fluid it may be said 
that it is similar to plasma, but contains 
roughly half as much protein and is therefore 
half as effective for most conditions. It is ob- 
tained cheaply but in very limited quantities, 
and the source of supply is undependable. 
Kxperience with it is still small. Earlier 
workers reported frequent reactions. More 
recent work, using citrated ascitic fluid, seems 
to have decreased the incidence of reactions. 
The fluid can be dried, but it seems a waste of 
time to start with so dilute a fluid. If it can 
be shown to be free from danger of reactions, 
it may form a useful source of additional 
stores in hospitals. 

Attempts have been made to use whole beef 
plasma. Wangensteen in Minneapolis and 
Muether in St. Louis have demonstrated that 
some patients tolerate large masses of bovine 
plasma intravenously although with frequent 
sensitivity reactions. During the first World 
War Brodin and St. Girons employed horse 
plasma in 500 cubic centimeter quantities in 
several instances without untoward results. 
It seems unlikely, however, that whole plasma 
from other animals can be made safe for 
human use, although suitable purified protein 
fractions are a distinct possibility. 

Animal protein substances of other origins 
have been proposed, the latest being gelatin 
which is derived from fish bladders. Dried 
fish bladders, sold commercially to brewers, 
when suitably treated yield a readily soluble 
powder. Injected into dogs the solution is 
effective in the treatment of shock, causes no 
reactions, and is not antigenic. Its use in 
human beings has not been reported, and here 
as with other foreign substances we must know 
that the material is not antigenic and that 
preferably the protein is utilizable by the 
human organism and is not treated as a 
foreign substance to be excreted. 
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Substances of plant origin have also been 
investigated. Acacia, the complex carbo- 
hydrate derived from the gum of certain 
shrubs of the genus Acacia, is the chief of 
these. It was suggested as a blood substitute 
as far back as 1906 and was first administered 
to human beings in 1917. It has been proved 
to be fairly effective in the treatment of shock, 
but immediate unfavorable reactions have 
been too frequent and doubt has been thrown 
on its eventual fate in the body. It is appar- 
ently stored in the liver for long periods and 
impairs the function of the liver in protein 
formation. It has also been said to combat 
the treatment of shock by interfering with 
oxygen absorption by the red blood cells. For 
these reasons, and because it fails to supply 
the whole organism with the additional pro- 
tein usually required in hemorrhage and in 
traumatic shock, it has not found much favor 

More recently, common citrus fruit pectin, 
commercially supplied for the making of 
jellies, has been prepared by Hartmann and 
his coworkers for use as a plasma substitute. 
Only 8 clinical instances of its use are reported, 
and in at least 1 a chill occurred. It is 
apparently nonantigenic in guinea pigs, rab- 
bits, and dogs. In the dog it is largely ex- 
creted in the urine in the first 48 to 72 hours. 
Like acacia it is a foreign material of no 
demonstrable value to the body after the 
effect of the initial injection has disappeared. 

Least effective of all for the reinforcement 
either of the oxygen-carrying power of the 
blood or the osmotic pressure maintenance are 
the solutions of the crystalloids. Their benefit 
is purely temporary. In hemorrhage, unless 
bleeding has been arrested and shock is mild, 
they may increase blood loss and wash pro- 
teins into the tissues as well. We all recall in 
the recent past, before the ready availability 
of blood and plasma radically altered the 
treatment of sudden shock or hemorrhage, the 
very brief period of benefit from the injection 
of solutions of glucose or sodium chloride, 
except in cases of mild shock in which the 
precipitating factor had been discontinued. 

Blood coagulation. The effect on blood 
coagulation of the various substitutes has not 
been comparatively studied. Platelets survive 
in stored blood for 2 to 5 days. Fresh whole 
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blood or blood refrigerated for a short time 
probably increases the clotting power of the 
recipient’s blood, and this is probably true of 
plasma as well. It is not likely that any 
preparations not derived from human blood 
will have such power. 

Nutrition. In speaking of the nutritive réle 
of the blood we are now concerned chiefly with 
its protein content. While the proteins of the 
blood are formed elsewhere than in the blood 
stream, it has been shown that they may be 
utilized in turn by the body for storage in the 
tissues. In conditions of chronic hypopro- 
tinemia the administration of whole blood 
as long as the hemoglobin is low (as it usually 
is in these conditions), followed by the ad- 
ministration of plasma or serum, is fairly 
efficacious. Since, as a rule, low plasma pro- 
teins are associated with depleted protein 
stores in the tissues, great quantities of plasma 
must be administered intravenously before 
any effect is reflected in the level of the plasma 
proteins. In conditions of starvation, as in 
esophageal or gastric obstruction, some im- 
provement may be achieved, but will be 
maintained only if normal alimentation is 
restored. In nephrosis and cirrhosis, although 
alimentation may be unimpaired, the con- 
tinuing loss of proteins makes the problem 
more difficult. Amino acids injected intra- 
venously (Elman) have proved their worth in 
supplying the body with building stones for 
the formation of tissue and blood proteins 
when adequate protein cannot be taken by 
mouth. Whipple and Madden have produced 
digests of casein by papain which are not split 
as far as the amino acid stage and which, when 
administered intravenously, will maintain 


dogs in positive nitrogen balance indefinitely. 

Infection. We can expect only whole blood, 
plasma, and serum to supply complement and 
immune bodies. Any blood substitute which 
supplies utilizable protein will indirectly aid 
in antibody formation. Human globulin has 
been purified, as has albumen, and could 
perhaps find some use in this regard. Sub- 
stances of plant origin are of no immunological 
value, and acacia, by interfering with the re- 
generation of plasma protein in the liver, may 
be actually harmful. 

Phagocytosis. Significant numbers of ei- 
fective leucocytes can be supplied only by 
fairly fresh blood. Leucocytes decrease 50 per 
cent in numbers in 24 hours, and phagocytic 
activity of those remaining drops after 72 
hours, is slight in 5 days, and absent in 7. 


SUMMARY 


It is obvious that the ideal in replacement 
therapy is the administration of fluid of the 
same composition as that which has been lost 
—whole blood for whole blood and plasma for 
plasma. The employment of whole blood is 
rarely contraindicated except in instances of 
extreme hemoconcentration, such as_ that 
which may occur following severe burns. 
Plasma and serum have the advantage, 
particularly in emergencies, that compatibility 
tests are not necessary and delay in treatment 
can be avoided. Preliminary observations 
indicate that purified human albumen is a safe 
and effective substitute for plasma. The 
problem of providing blood substitutes in 
large quantities will be greatly simplified if 
nonantigenic fractions of animal plasma pro- 
teins can be prepared. 
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STAPHYLOCOCCUS SEPTICEMIA 


Observations Relative to the State of Hydration in the Dog and in Man 


CARROLL H. LONG, M.D., M. S. (Surg.), Johnson City, Tennessee, 
ALFRED B. LONGACRE, M.D., New Orleans, Louisiana 


HE therapeutic problem presented 

by Staphylococcus septicemia re- 

mains a pressing one, in spite of the 

remarkable advances made in recent 
years through the development of chemo- 
therapy and the widespread adoption of a 
physiological approach to therapeusis. The 
controversy which still exists concerning the 
efficacy of early or late surgical intervention in 
acute hematogenous osteomyelitis is char- 
acteristic of the confusion in this field and an 
indication of the fundamental nature of the 
unsolved problems. 

Reports of various investigators stressing 
the importance of adequate fluid balance in 
the treatment of burns, intestinal obstruction, 
and various other acute and chronic surgical 
diseases, suggested the possibility that fluid 
imbalance in acute infections may be a factor 
influencing prognosis. Accordingly, an in- 
vestigation was initiated having as its object 
the determination of some of the changes 
occurring in hydration during Staphylococcus 
septicemia. 

No careful observations on hydration in the 
toxic phase of staphylococcus infections have 
been reported. A few fragmentary references 
indirectly bearing on the matter have been 
gathered. Webb and Korfmacher concluded 
that acute infections produce comparatively 
mild or temporary changes in serum proteins, 
these changes consisting of a minimal lowering 
of total protein, a normal or increased globulin 
and a decreased albumin level. Jones and 
Eaton in discussing nutritional edema stressed 
sepsis as one of the important factors in the 
causation of postoperative edema. Curphey 
and Orr made the same observation and stated 
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that edema was most frequently associated 
with starvation accompanying an acute infec- 
tion such as peritonitis. Shumen and Jeghers 
in their discussion of the value of routine 
blood protein determinations listed fever as one 
of the causative factors of hypoproteinemia. 

The importance of adequate fluid balance 
has been more adequately stressed in the study 
of other surgical diseases. The present day 
conception of normal water exchange, particu- 
larly as regards its clinical application in 
surgery, has been emphasized in the work of 
Coller and Maddock and their associates 
(4, 5, 6). They have shown that the daily 
maintenance requirements of fluids for the 
healthy adult is about 3500 cubic centimeters 
and that the need may be greater with in- 
creased metabolism or abnormal losses of body 
fluids. This investigation drew attention to 
the necessity for maintaining an equilibrium 
of electrolytes in the blood and pointed out 
the dangers of inadequate or excessive ad- 
ministration of sodium chloride. 

Jones and Eaton (11, 12) first called atten- 
tion to nutritional edema as a problem of 
clinical surgery. In 1933 they reported .ob- 
servations in 34 surgical patients, having 
critically low serum protein levels following 
surgery, in most of whom edema occurred. 
Subsequently, they showed experimentally 
that postoperative edema occurred following 
procedures frequently used in patients. It 
was their opinion that the production of 
edema was dependent chiefly upon nitrogen 
starvation and other forms of malnutrition in 
association with such factors as excessive in- 
take of water and sodium chloride, profuse 
surgical drainage, general effects of sepsis, 
massive hemorrhage, or renal dysfunction. 
They produced experimental evidence that 
water can accumulate to a striking degree in 
any of the parenchymatous organs as well as 
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in the subcutaneous tissues and that all of the 
body functions may be greatly retarded by 
such an occurrence. Ravdin and his asso- 
ciates showed a definite relation between in- 
testinal and gastric emptying times and the 
level of plasma protein. They pointed out that 
the edema of trauma after gastrointestinal 
anastomosis may be accentuated by a lowered 
plasma protein level to such an extent that an 
obstruction due to a technical defect in the 
anastomosis is mimicked. They further em- 
phasized the effect of hypoproteinemia in de- 
creasing the proliferation of fibroblasts and in 
producing a tendency to wound disruption 
after abdominal operations. 

Shumen and Jeghers, in recommending 
study of the plasma proteins as a routine 
procedure for every patient, pointed out the 
importance of hyperproteinemia as well as of 
hypoproteinemia. They called attention to 
the value of the plasma protein level as an 
indication of liver reserve and particularly 
stressed its importance in hyperthyroidism as 
a means of anticipating and avoiding post- 
operative crisis. In routine tests on 320 pa- 
tients they found that edema was present in 
23 per cent of the 81 patients whose plasma 
protein levels fell below 6.00 grams per cent. 
Kormacher also emphasized the relation of 
the plasma protein level to the severity of 
hyperthyroidism and stated that levels of 
total protein below 6 grams per cent or of 
albumin below 3 grams per cent are probably 
indicative of hepatic damage and are reasons 
for performing thyroidectomy in stages. In 
his opinion plasma protein estimations offer 
a definite prognosis in obstructive jaundice, 
since extensive liver damage is made evident 
by marked reversal of the albumin-globulin 
ratio. 

The study of the rapid shifts in fluid balance 
occurring after extensive burns has brought to 
light the important rdéle played by the plasma 
proteins in these physiological changes. Elk- 
inton, Wolff, and Lee, in a study of 5 cases of 
severe burns, emphasized the information 
which is available at the present time. After a 
25 per cent burn as much as 53 per cent of the 
total plasma volume may disappear from the 
circulating blood within 40 minutes, and the 
loss continues for as long as 40 hours. During 


this early period there may be a tremendous 
concentration of blood. Such fluid imbalance 
is primarily due to an altered capillary perme- 
ability with a shift of fluid and proteins into 
the tissues, rather than an external loss of 
these substances. The need for water and 
electrolytes is moderate only, since the excess 
fluid in the tissues should be available when 
plasma osmotic pressure is restored to a normal 
level. Administration of excessive amounts 
of normal saline, without plasma protein, only 
increases an edema already present, and must 
be given in dangerously large amounts to have 
any significant effect upon the plasma volume. 
For the correction of this situation, Elkinton 
and his associates recommended the frequent 
intravenous injections of plasma, in amounts 
varying according to the need, without the 
administration of excessive amounts of pro- 
tein free fluids. Scudder (16) recommended 
the intravenous use of hypertonic saline solu- 
tion in conjunction with adrenal cortical ex- 
tract and showed that these agents have a 
great effect upon plasma volume in the ab- 
sence of quantitative protein replacement. 
Throughout the study and treatment of pa- 
tients with severe burns frequent plasma pro- 
tein determinations in relation to hematocrit 
readings are of the utmost value in indicating 
the proper therapeutic measures. 

In 1938, Scudder, Zwemer, and Whipple 
(18) reported a large series of collected cases of 
acute intestinal obstruction with an analysis 
of the clinical and pathological data. Twenty- 
five patients who came under the direct ob- 
servation of the authors were subjected to an 
intensive study. On the basis of these ob- 
servations the authors drew definite conclu- 
sions regarding the efficacy of controlled fluid 
therapy. The next year, Scudder, Drew, and 
Sloan (17) reported in detail a case of acute 
appendicitis complicated by multiple ab- 
scesses in which it would appear the patient’s 
life was preserved only because of the direction 
of treatment by a definite program of fluid 
control. They emphasized the observation 


that earlier than blood pressure changes 
increasing peripheral hemoconcentration fore- 
tells impending circulatory collapse, and 
recommended the adoption of a program of 
careful fluid balance for all severely ill pa- 
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tients, stressing the efficacy of concentrated 
saline, adrenal cortical extract, and plasma as 
therapeutic agents in combatting impending 
shock. Scudder and his associates indicated 
that proper fluid control therapy in surgical 
conditions producing disturbances in physio- 
logical fluid balance can be directed after 
careful study and rational interpretation of 
information concerning cell volume and 
plasma protein levels. 


EXPERIMENTAL STUDY 


The material presented in this report in- 
cludes data accumulated from a study of ex- 
perimental Staphylococcus septicemia in dogs 
and data acquired in observations of patients 
admitted on the surgical services of Charity 
Hospital in New Orleans with diagnoses of 
Staphylococcus septicemia. 

Observations were completed upon 15 dogs 
divided into two groups of 7 and 8 animals, 
respectively. Group I was composed of 4 
adult dogs and 3 four month old puppies. 
Group II was composed of a litter of 8 two 
month old nursing puppies. Throughout the 
experiments they were given bountiful quanti- 
ties of pablum and standard dog foods. In 
addition, Group II puppies were allowed to 
nurse. Fluids were unrestricted, but no at- 
tempt was made to force feeding or to ad- 
minister treatment. 

During 2 weeks preceding the experiments 
normal values were established for hematocrit 
or red blood cell count and plasma proteins. 
Blood cultures were taken repeatedly before 
the beginning of the experiments and were 
found to be negative. The method used for 
plasma protein determination was the falling 
drop method of Barbour and Hamilton (1, 2, 3). 

A strain of hemolytic Staphylococcus 
aureus recovered from a human case of 
Staphylococcus septicemia was cultured for 
18 hours in dextrose beef heart broth. One 
cubic centimeter of this inoculum was in- 
jected into the right femur of each dog in 
Group I. Before use in Group II the organism 
was made more virulent by animal passage, 
and the 18 hour dextrose beef heart broth 
culture was concentrated by centrifugation 
until 1 cubic centimeter of the final inoculum 
contained 30 x 10° bacteria. One cubic centi- 


meter of this preparation was injected into the 
right tibia of each animal in Group II. 

Five dogs of Group I survived, but only 1 
animal died as a result of the hemolytic 
Staphylococcus aureus septicemia. All the 
animals of Group II succumbed after intervals 
varying from 2 to 17 days. Determinations of 
hematocrit or red blood cell count, plasma 
proteins, and blood cultures, together with 
clinical observations, were made at regular 
intervals for 16 days or until the dogs died. 
Autopsies were performed on the 10 dogs 
which succumbed. Cultures were taken of the 
various parts, and sections were prepared for 
microscopy. Septicemia was produced in all 
of the animals, but the blood culture colony 
counts were much higher in the dogs of 
Group II. Limited osteomyelitis was present 
in 9 of the autopsied animals. Metastatic 
abscesses were found three times in the lungs, 
twice in the liver, and twice in the kidneys. 
Marked degenerative changes in the liver, 
kidneys, and heart were constant findings. 

In this study of hydration the method em- 
ployed by Scudder (9, 16, 17, 18) and his 
associates was used, since the simple deter- 
mination of cell volume and plasma proteins 
gives much useful information concerning 
fluid balance. 

It has been shown by Stebbins and Leake 
that there is a diurnal variation of as much as 
.0044 in the specific gravity of dog blood. 
Barbour and Hamilton (3) ascribed changes of 
.0040 in the specific gravity of dog blood to 
“emotional anhydremia.’’ Variations are 
known to occur also in the cell volume and red 
blood cell counts of normal blood. Because of 
these normal daily variations in individual 
animals, composite graphs of the data at hand 
give more representative pictures of the 
changes in hydration, occurring in the re- 
spective groups of animals under the experi- 
mental conditions set forth, than do individual 
records. Accordingly, observations will be 
made and conclusions drawn largely on the 
basis of the composite graphs seen in Figures 
T, 2, 3, 4- 

Group I. The hematocrit curve (Fig. 1) rose 
perceptibly in relation to the hyperpyrexia 
which developed during the first 4 hours after 
inoculation. Thereafter, there was an uneven 





356 





DAYS 
TEBEEEIs|> PEEEEE ETERS 


} 450 
| 
| 














45 
A 440 
435 
- 430 
Fig. 1. Group I animals: hematocrit determinations. 


Average hematocrit curve of 7 dogs during mild Staphylo- 
coccus septicemia. The final spectacular rise was caused by 
a single specimen from 1 animal. 


but progressive fall in the average hematocrit 
level until a value of approximately 30 was 
reached and maintained for several days. The 
final spectacular rise in the curve was caused 
by a single specimen from 1 dog. The average 
plasma protein curve (Fig. 2), starting from a 
base line of 5.48 grams per cent, made a con- 
siderable rise on the second day after inocula- 
tion and maintained itself irregularly at a level 
well above the base line. The final rise in the 
curve was formed here also by a single 
specimen. 

By placing the hematocrit and plasma pro- 
tein curves in relation to each other, one is 
able to make a reasonable interpretation of the 
changes which occurred in this particular 
group of animals. The general picture resem- 
bles the “idealized” graph which Drew, Scud- 
der, and Papps (9) thought typical of “‘water 
loss with anemia.” If it can be assumed that 
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Fig. 3. Group II animals: red blood cell count. Average 
red blood cell curve of 8 puppies during severe Staphylo- 
coccus septicemia. The final spectacular rise indicated a 
single count from 1 animal shortly before its death. 
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Fig. 2. Group I animals: plasma protein determinations. 
Average plasma protein curve of 7 dogs during mild 
Staphylococcus septicemia. 


the increased levels of plasma protein were 
caused by concentration of blood due to water 
loss, the degree of the anemia was in reality 
greater than that represented. 

Group II. The average red blood cell curve 
(Fig. 3), beginning at a base line of 3,500,000 
cells per cubic millimeter, fell rapidly and con- 
sistently to a level of approximately 2,500,000 
cells per cubic millimeter which was reached 
on the sixth day and was maintained there- 
after, except for a single specimen from the 1 
surviving dehydrated dog on the seventeenth 
day. ‘The average plasma protein curve 
(Fig. 4) which rose perceptibly on the second 
day as did also the curve for Group I, was 
maintained above the base line only until the 
fourth day. Thereafter, there was a sharp 
decline of the curve to a level below 4 grams 
per cent. The exceedingly low value of 3.16 
grams per cent was reached by a single 
specimen from the 1 dog surviving on the 
seventeenth day. 
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Fig. 4. Group IT animals: plasma protein determina- 
tions. Average plasma protein curve of 8 puppies during 
severe Staphylococcus septicemia. 
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Fig. 5. Clinical Staphylococcus septicemia: hematocrit 
determinations. Composite graphs of hematocrit deter- 
minations during Staphylococcus septicemia in two groups 
of patients. 


Again placing the red blood cell curve and 
the plasma protein curve in relation to each 
other, one is enabled to make a reasonable 
interpretation of the variations in fluid bal- 
ance which occurred. During the first 4 days 
following inoculation, when there was a steady 
fall in the hematocrit curve but a moderate 
increase in plasma protein values, the relation 
resembled the idealized “water loss with 
anemia’ picture seen in Group I. Between the 
fourth and fifth days the relation of the 
respective curves changed to one indicating 
both red blood cell and plasma protein de- 
pletion. If clinical judgment to the effect 
that the animals were in states of com- 
parative dehydration is correct, the true val- 
ues for red blood cells and plasma proteins 
were even lower than those indicated by the 
curves. 

Reasons for the marked decline in the 
hematocrit curve and the red blood cell curve 
in the respective groups of animals remain 
matters for speculation. The actual blood loss 
incident to the frequent taking of specimens 
was not great. Since less than 20 cubic 
centimeters of blood was withdrawn from any 
animal of Group II in the 25 days during 
which the observations were made, it does not 
seem probable that blood so lost figured 
largely in the more than 28 per cent decline in 
the red blood cell level. The possibility that 
there was a depression of the hemopoietic 
function of the bone marrow is not borne out 
by the marked erythroid and myeloid activity 
seen in sections of the bone marrow. Mal- 
nutrition may have been a factor, although in 
each group the greatest decline in the curves 
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Fi ig. 6. Clinical Staphylococcus septicemia: plasma pro- 
tein determinations. Composite graphs of plasma protein 
determinations during Staphylococcus septicemia in two 
groups of patients. 


occurred by the sixth day after inoculation, 
which is a relatively short period for changes 
from malnutrition to become evident. Staphy- 
lococcus hemolysins are capable of rapid de- 
struction of blood; however, microscopy did 
not reveal any unusual amount of pigment in 
the reticuloendothelial system, nor was jaun- 
dice seen clinically. Loss of hemorrhagic 
exudates into the intestine and lungs and by 
external discharges may have been a causative 
factor in the anemia of 2 of the dogs. 

It is easier to suggest reasons for the vari- 
ance of the plasma protein curves of the two 
groups, inasmuch as differences in the respec- 
tive clinical courses were marked. The matter 
of exudates supplies a ready explanation. 
Whereas 5 of the animals of Group II pro- 
duced copious exudates, only 1 dog in Group I 
lost any considerable amount. However, 2 
dogs, which had no marked exudative loss, 
had lower protein levels than the other animals 
in Group II. 

Destruction of plasma proteins by the di- 
rect action of a staphylococcus toxin must 
remain a hypothetical possibility. Indirect 


action of such toxins in causing degenerative 
changes in the liver offers a more likely ex- 
planation, if it can be assumed that the ad- 
vanced state of cloudy swelling and fatty de- 
generation, observed in all of the histological 
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Fig. 7. Graphs of hematocrit and ran protein deter- 
minations during Staphylococcus septicemia in a boy of 12 
who recovered. This patient received 1975 cubic centi- 
meters of blood by transfusion between the fourth and 
eighteenth days. 


sections of liver, was due, in part, to bacterial 
toxins. Since the liver is thought to assume an 
important rdéle in the production of proteins, 
the level of the plasma proteins may be an 
important indicator of liver health. The rela- 
tion between hypoproteinemia and liver dam- 
age in hyperthyroidism and obstructive jaun- 
dice has already been mentioned (14). 
Attention has been directed, also, to hepatic 
changes reported after experimental dehydra- 
tion (8). Animals in Group II became more 
dehydrated than those of Group I, and it is 
probable, in view of the procedure used and 
the clinical course followed by each group, 
that dogs of Group II were exposed, also, to 
bacterial toxins of greater potency and in 
greater amounts. It is reasonable to suppose 
that the degenerative changes observed in 
sections of liver removed at autopsy were 
greater than those in the animals which sur- 
vived, and that a lower plasma protein level 
occurred in Group II partly as a result of 
more extensive liver degeneration. 

Failure to find edema in the face of ex- 
tremely low plasma protein levels is one of the 
interesting observations of the study. In 5 
animals of Group II plasma protein deter- 
minations of less than 3.7 grams per cent were 
recorded. Jones and Eaton (11), in reporting 
repeated estimations of less than 3.6 grams per 
cent in a patient, never subject to edema, sug- 
gested that the explanation lay in the ex- 
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Fig. 8. Graphs of hematocrit and plasma protein deter 
minations during Staphylococcus septicemia in a girl of 13 
who recovered. This patient received 3250 cubic centi-: 
meters of blood by transfusion between the sixth and 
thirteenth days. 


aggerated state of dehydration of their patient. 
Curphey and Orr and Keefer stated that ede- 
ma rarely occurs, even in the presence of very 
low plasma protein, without the administra- 
tion of the sodium ion, usually as sodium 
chloride. Explanation of the absence of edema 
in these experimental animals may be found, 
therefore, in their dehydration and_ their 
failure to receive any considerable amount of 
sodium chloride. 


CLINICAL STUDY 


Sixteen Charity Hospital patients, each 
having a clinical diagnosis of Staphylococcus 
septicemia, were observed, and, of these, 8 
were chosen for this report. Repeated blood 
cultures drawn from each of the 8 patients 
were positive for the hemolytic Staphylococ- 
cus aureus. Controlled fluid therapy was em- 
ployed in each instance, but varied in detail 
according to the training and diligence of the 
respective internes and residents. Frequent 
hematocrit and plasma protein determinations 
were made in order to furnish data for com- 
parison with those obtained in the study of 
the experimental animals. Four of the pa- 


tients survived, whereas the remainder suc- 
cumbed. In order to correlate the findings in 
this study with those obtained in the experi- 
mental investigation already described, the 8 
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Fig. 9. Graphs of hematocrit and plasma protein deter- 
minations during Staphylococcus septicemia in a young 
adult male who died. Blood transfusions were small and 
comparatively infrequent, 2760 cubic centimeters being 
given between the third and eighteenth days. 


patients were divided into groups according to 
survival. Compositve graphs of each group’s 
hematocrit and plasma protein readings were 
made. 

Figure 5 shows the composite graph of the 
hematocrit determinations in each group of 
patients. It fails to demonstrate the consistent 
lowering of the hematocrit level which was so 
striking in both Group I and Group II animals 
of the experimental study. It would appear 
that the numerous transfusions which these 
patients received were sufficient to maintain or 
raise to comparatively normal levels the hema- 
tocrit in those patients who succumbed as well 
as in those who recovered. Figure 6 shows the 
composite graph of the plasma protein deter- 
minations in each group of patients. Here a 
striking difference is observed in the response 
of the two groups. Each curve fell sharply 
immediately after admission of the patients to 
the hospital as adequate hydration was ob- 
tained by the employment of parenteral 
fluids. In the course of treatment, however, 
the plasma protein curve of those patients 
who survived rose rapidly to normal and even 
unusually high levels; whereas, the composite 
curve of those patients who succumbed failed 
to show this response. These later observa- 
tions correspond to those in the experimental 
study in which it was observed that the 
plasma protein curve of the Group I dogs 
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Fig. 10. Graphs of hematocrit and plasma protein deter- 
minations during Staphylococcus septicemia in a girl of 14 
who died in spite of comparatively large amounts of blood 
by transfusion (3900 cubic centimeters between the fourth 
and eleventh days). This patient was one who became 
markedly edematous before death. 


which survived maintained a better than 
average height, whereas, the curve of the 
Group II dogs which succumbed fell con- 
sistently. 

Corroboration of the impressions conveyed 
by the composite graphs may be had by an 
examination of Figures 7, 8, 9, and 10, which 
show the hematocrit and plasma protein 
curves of each of 4 patients. Graphs of pa- 
tients who survived are shown in Figures 7 
and 8. Comparatively large amounts of ci- 
trated blood were given to each child, and the 
plasma protein response was striking. Graphs 
of patients who succumbed are found in 
Figures 9 and 10. In each instance the hema- 
tocrit curves were maintained at a high level 
by the frequent transfusions, but there was no 
like response on the part of the plasma protein 
which remained at subnormal levels until the 
death of each patient. The patient whose 
graphs are shown in Figure 9 was an adult 
male, who, undoubtedly, received transfusions 
of blood too infrequently and in too small 
quantity. It is a matter of speculation 
whether or not larger and more frequent trans- 
fusions might have raised the plasma protein 
level to normal, thus influencing favorably the 
ultimate outcome. The patient represented by 
Figure 1o died in spite of comparatively large 
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and frequent transfusions and her plasma pro- 
tein level, though rising, had never reached a 
normal point. It is interesting to note that 2 
of the patients became quite edematous before 
death; in each instance this followed the in- 
judicious use of sodium chloride administered 
intravenously. 


CONCLUSIONS 


Although the number of experimental ani- 
mals and of patients observed during this 
study is comparatively small, the data accu- 
mulated have been so consistent in certain 
respects that they were deemed worthy of 
report, particularly since there seems to be a 
justifiable practical application. 

In experimental Staphylococcus septicemia 
in dogs there was a marked fall in the hema- 
tocrit level both in animals fatally ill and in 
those ultimately recovering. Patients af- 
flicted with Staphylococcus septicemia, wheth- 
er they survived or died, were able to maintain 
normal hematocrit ranges with the aid of 
numerous transfusions. 

In untreated experimental animals and in 
patients undergoing intensive therapy a dis- 
tinct line is drawn by plasma protein levels 
between those (animals and patients) who 
survived and those who succumbed. The 
plasma protein curves of the former main- 
tained or reached a better than average level, 
whereas the curves of those who succumbed 
steadily fell or failed to rise even in the in- 
stance of the patients who received intensive 
treatment including numerous blood trans- 
fusions. 

It is our belief that these observations are a 
sufficient basis for considering the plasma pro- 
tein levels observed clinically in Staphylo- 
coccus septicemia as a valuable prognostic aid. 
It would appear that the plasma protein level 
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falls in all patients having Staphylococcus 
septicemia, but that in those instances in 
which recovery is to occur, the proteins rise 
and are maintained at a high point after ade- 
quate therapy. Since it has been shown that 
the plasma protein responds more slowly to 
repeated transfusions than does the hemato- 
crit, the former should be used as a thera- 
peutic guide to indicate the need for blood 
transfusions. Large amounts of whole blood 
or plasma, repeatedly administered, give thc 
greatest opportunity for recovery. 
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CHEMOTHERAPY AND ROENTGEN 





RADIATION IN 
CLOSTRIDIUM WELCHII INFECTIONS 


Clinical and Experimental Studies 


ROBERT L. SEWELL, A.B., M.D., ANDREW H. DOWDY, A.B., M.D., and 
JAMES G. VINCENT, A.B., Rochester, New York 


LINICAL clostridium infections 
range in severity from relatively be- 
nign infections to more fulminating 
and malignant types. The etiological 

organism may be either Clostridium welchii, 
Clostridium septique, or Clostridium oedema- 
tiens, or a combination of the three. Our 
present clinical and experimental studies are 
confined to Clostridium welchii, for this is by 
far the most common offender clinically. 

There is doubt in the minds of many as to 
just what “gas gangrene” really is. The 
present controversy over the proper thera- 
peutic measures leaves no doubt that many 
criteria may be loosely interpreted. The term 
“gas cellulitis” or ‘clostridium cellulitis’’ is 
suggested not to supplant the term “gas gan- 
grene,’ but to provide a hitherto missing 
category in which to place the milder, the 
borderline, and the atypical case. 

We have come to give less credence to the 
term ‘‘gas gangrene.”” Does such an entity 
really exist, or does it simply include the more 
fulminant cases of clostridium cellulitis? 
“Cellulitis,” either used or implied, is a more 
inclusive term and is perhaps more apt in em- 
phasizing the bacterial origin and nature of 
the infection. There are cases that have be- 
come fulminating within several hours, and 
there are other cases which have developed 
slowly. The infection may extend largely in 
the subcutaneous tissues in one patient, or in 
both the subcutaneous tissue and muscle in 
another, even though both patients are equal- 
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ly sick. There have been a few cases of super- 
ficial Clostridium welchii infection with per- 
sistently positive cultures, at times with small 
amounts of gas in the immediate vicinity but 
with an essentially benign course. These 
latter cases have been excluded from the 
present series even though we believe that 
they are milder manifestations of the same 
infection. 

It is possible that the disease which we are 
accustomed to see differs in some way from 
the classical description. Definite muscle in- 
volvement is usually not proved now that 
more conservative measures are used. In our 
study, therefore, the criteria for calling cases 
“gas gangrene” are: (1) positive cultures of 
Clostridium welchii; (2) spreading infection; 
(3) gas in the tissues; and (4) discoloration and 
edema of the involved structures (17). 

One of our first concerns has been to 
establish the presence of a true “gas gan- 
grene.’’ Regardless of whether or not this is 
done, any spreading infection with Clostridium 
welchii found in the culture, or any infection 
with gas in the tissues has been treated as a 
severe case. If the four criteria were not all 
met, the case was not included in our series. 
Among those omitted were 4 simple Clostri- 
dium welchii infections, 2 of which presented 
small amounts of gas in the tissues (Table I). 
In 2 additional cases, crepitus was noted but 
no Clostridium welchii were found. The of- 
fenders were Escherichia coli in one case, and 
in the other an anaerobic streptococcus and a 
hemolytic staphylococcus. 


CLINICAL EVALUATION OF PRESENT 
THERAPEUTIC AGENTS 


Sulfanilamide, sulfapyridine, sulfathiazole, 
roentgen irradiation, antisera, zinc peroxide 
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TABLE I.—GLINICAL WOPND INFECTION WITH 
CLOSTRIDIUMWELCHII 


e 
Name Age Cause Treatment Result 
W.R 27 yrs Mangled fingers Sulfanilamide, | Well 
irradiation 
JW. 35 yrs. | Mangled fingers Irradiation Well 
P.W. 2 wks. | Infected heel Irradiation Well 
G.R. 38 yrs. | Cirrhosis of liver, Sulfadiazine, Died 


thigh abscess | irradiation (wound clean) 


pastes, and the inhalation of high concentra- 
tions of oxygen have each been recommended 
recently for the treatment of Clostridium 
welchii infections. The multiplicity of these 
agents and the disparagement which each in 
turn has received implies that a method of 
appreciable superiority is still wanting. On 
the other hand, the mere fact that no one is 
advocating a continuation of the previously 
prevalent radical surgery suggests that the 
various sulfonamide drugs, roentgen irradia- 
tion, or the antiserum may each favorably 
modify the course of the disease. We believe 
that the diversity of opinion regarding the 
relative merits of any one of these therapeutic 
agents may in part be due to the wide varia- 
tion in the severity of this type of clinical 
infection: that is, a true “gas gangrene” as 
here defined, or a “clostridium cellulitis.” 
Antiserum. The polyvalent antiserum, in- 
efficient at best when used alone, can easily be 
proved to be of some value experimentally 
(10, 13). In mice and guinea pigs it is more 
efficacious than is sulfanilamide. In clinical 
use, the polyvalent antiserum gives acceptable 
results when used with conservative surgery, 
but prophylactically its effect is feeble (1, 14). 
That this should be so follows rationally when 
one compares the antiserum for clostridium 
infections with the antiserum for tetanus. In 
the latter disease the antiserum combats, and 
very effectively, the tetanus exotoxin which 
has a systemic effect, while the action against 
the usually insignificant local lesion is mini- 
mal. The local source of infection is usually 


small and tends to heal itself. 

In the case of Clostridium welchiiinfections, 
the antiserum may well control the exotoxins 
distributed throughout the body, but these 
are of far less magnitude than is the virulent 
local lesion which progresses rapidly, killing 
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more tissue and forming exotoxins far in ex- 
cess of the amount that the polyvalent anti- 
serum can control. 

In prophylactic use, the same situation 
holds. The tetanus antiserum neutralizes the 
exotoxins as they are liberated from the small 
local wound. In Clostridium welchii infections, 
the local lesion tends to spread, often rapidly, 
regardless of the systemic effect of the 
exotoxin. Therefore, the welchii antiserum 
could act through its effect on the local lesion 
immediately adjacent to the wound. At best 
it could only slow down the advancing 
necrosis. 

For these reasons we do not insist on the use 
of Clostridium welchii antiserum either prophy- 
lactically or therapeutically. We have used it 
but twice in our last 18 cases. It is important 
to note, however, that the protective action of 
the antiserum in small animal experiments is 
far greater than it is in humans. 

Surgery. In contrast to the past, the need 
for amputation now is dictated not as much by 
the infection as it is by the state of the vascu- 
lar bed. The coexistence of vascular damage 
to an extremity plus a Clostridium welchii in- 
fection has often distorted the picture. The 
infection was held mainly to be responsible for 
not only the gas, edema, and seropurulent 
exudate, but also for the massive necrosis, 
discoloration, and particularly malignant 
course. While the radical measure of am- 
putation is still accepted in this extreme, 
there is no question but that a wound infection 
with only Clostridium welchii or with other 
contaminants, too, may run an exceedingly 
indolent course. When in the muscle (deeper 
wounds), the progression is more rapid and 
more serious and there is evidently a distinct 
local necrotizing effect of the toxin. However, 
this is shared by other organisms and is seen 
not infrequently. Perhaps the most common 
of the others is the cellulitis caused by the 
streptococcus. The opportunity for growth 
of Clostridium welchii not shared by the 
other organisms is the remarkable ability to 
form gas. This may facilitate the dissection 
along fascial planes and cause a certain 
amount of pressure to be exerted. 

The contrast between the classical pictur: 
of a gas gangrene and many of the wounds 
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TABLE II1.—TRUE CLINICAL GAS GANGRENE 
(MORTALITY 33.3 PER CENT) 


Name |Age Cause Treatment Result 
K.S 44 | Compound fracture, Irradiation, anti- Slow 
| amputation serum, sulfanilamide| recovery 
T.W 8s5 | Arteriosclerotic gan Irradiation, sulfa- Dead 
| grene, amputation nilamide 
W.D. | 70 | Diabetic gangrene, Irradiation, sulfa- Dead 
‘ ’ 


amputation nilamide 


CLM. 40 | Compound fracture, Irradiation Living 
débridement 

M.J 68 | Arteriosclerotic Minimal sulfanila Dead 
gangrene mide, irradiation 

F.K. 6 Arteriosclerotic gan Irradiation Slow 
grene, amputation recovery 

C.N. 9 | Surgical scarlet fever | Irradiation, sulfa Well 
of arm nilamide 

J.M. 40 | Abscess of leg Sulfadiazine Well 

JW. 18 | Compound fracture Irradiation, sulfa- Well 
of forearm diazine 


seen in civil life suggests that there are many 
of these infections which might be called 
“clostridium cellulitis’? or ‘“‘gas_ cellulitis.”’ 
Many of the latter are quite fulminant, and 
easily fulfill the criteria of a ‘gas gangrene.”’ 
However, the presence of a relatively intact 
vascular bed leads to conservative measures. 
In arteriosclerotic gangrene and in similar 
infections, amputation is going to be necessary 
in a number of cases regardless of whether a 
Clostridium welchii infection is present or not. 
Therefore, it is too much to presume that any 
measure will cure the infection at a site where 
the part is unable to survive even without the 
infection. The appearance of the disease in a 
stump following amputation may well be 
treated conservatively by simple drainage 
measures plus one of the sulfonamides or 
roentgen irradiation, rather than by higher 
amputation. This is assuming that a relatively 
intact vascular bed is present in the stump. 
In the traumatic cases in which there is 
considerable destruction and mangling of the 
tissues (and again assuming that there is no 
great arterial damage), the infections may 
safely be treated conservatively. With ade- 
quate drainage (we do not use débridement 
although many advocate it) and the use of 
roentgen irradiation or a sulfonamide, we be- 
li ve that we have obtained good results. 
Roentgen irradiation. In this series we have 
included every patient who has been in the 
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TABLE III.—CLOSTRIDIUM WELCHII INFECTION 
OF ABDOMINAL WALL WITH TISSUE NECRO- 
SIS OF GREAT EXTENT 


Name Age Cause Treatment Result 
J.M. 50 | Perirectal abscess, Irradiation, anti- Living 
diabetes serum, sulfanila- 
mide, drainage 
J.M. 72 | Extravasation of Irradiation, sulfa Living 
urine, syphilis thiazole, drainage 
A.M. | 62 | Ruptured appendix Irradiation, sulfa Living 
nilamide, drainage 
S.M. 72 | Strangulated hernia Irradiation, sulfa- Living 
nilamide, drainage 
me A 32 |Intestinal obstruction, | Irradiation, sulfa- Died 3 
enterostomy nilamide days 
J.H 17 | Carcinoma of testicle | Irradiation, sulfa Died 30 
nilamide days 
after 


treatment 





Strong Memorial Hospital with “gas gan- 
grene”’ since 1937 (Tables II and III). 

Roentgen irradiation has a definite bene- 
ficial effect on the course of the disease. 
During the last 4 years we have seen fit to use 
this agent in all but 1 of our cases. In several 
instances the response to irradiation has been 
clearcut since no other therapeutic measures 
were being taken at the time (17). 

On the other hand, our results with roentgen 
irradiation have not been as good as have 
those of Kelly (11). There have been 5 deaths 
in our series of 15 cases of “gas gangrene.”’ 
One of these (C.T., Table III) was a frank 
therapeutic failure. Another death occurred 
30 days after the infection had been controlled 
and treatment had been stopped. Since death 
was caused by an advanced carcinoma of the 
testicle, perhaps this case should not be in- 
cluded as a failure. 

The remaining 3 deaths occurred with con- 
siderable similarity in patients 68, 70, and 85 
years old in whom the general physical condi- 
tion was poor (Table II). The Clostridium 
welchii infection did not seem to have any 
more bearing on their demise than did co- 
existent pneumonia and advanced arterio- 
sclerosis. Two of these 3 patients had recently 
suffered amputations because of arterioscle- 
rotic vascular disease of the legs. On the other 
hand, there have been several reports of dis- 
tinctly unfavorable outcomes (6, 7). Cald- 
well’s studies of the effect of irradiation on 
guinea pigs led him to believe that irradiation 











Fig. 1. Photograph of control dog ro days after inocula- 
tion. 


was of extremely little value (5). More re- 
cently a series of studies of compound frac- 
tures contaminated by Clostridium welchii 
were reported (4). In that series, all of his 
control animals died while 30 per cent of the 
treated animals survived. 

Sulfonamides plus roentgen irradiation. Is 
the use of both irradiation and a sulfonamide 
advisable? Until recently there has been no 
clinical or experimental proof that these two 
should not be used together. It has been sug- 
gested that the combined use is contra- 
indicated (11, 12). Until the last few months 
we had assumed, perhaps unjustifiably, that 
the measures were probably complementary. 
The majority of our patients were given either 
roentgen irradiation plus sulfanilamide, or 
roentgen irradiation plus sulfadiazine with 
success. As we see only 3 or 4 clinical cases of 
Clostridium welchii infection a year, it is im- 
possible to present a series of any significant 
size. However, if we assume that our method 
of approach in dogs is reasonably comparable, 
roentgen irradiation plus sulfadiazine gives 
poorer results than does either one alone 
(Table IV). 

Sulfonamides. Although the use of the 
sulfonamide drugs is in favor, only a few small 
series have appeared (2, 17). These have been 
treated mainly with sulfanilamide. Our ex- 
perience is not conclusive since most of our 
patients have been treated predominantly by 
irradiation, and more recently by sulfadiazine. 
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Fig. 2. Photograph of dog treated with sulfadiazine 10 
days after inoculation. 


Sulfanilamide was used in 10 earlier cases 
because we believed that it might prove to be 
an adjunct to roentgen irradiation. In the few 
instances in which the patient was maintained 
on the drug alone for a reasonable period 
before irradiation was started, the infection 
was not brought under control. 

These scattered clinical impressions are 
borne out fairly accurately by the experi- 
mental results. Four observers (3, 4, 9, 10) 
have found that in guinea pigs there is a dis- 
tinct protective action and some curative 
effect by the drug. Others disagree, but admit 
that sulfathiazole has some effect (15). Sulfa- 
thiazole is more efficacious than either sulfa- 
nilamide or sulfapyridine (10, 15) and again 
the best experimental results were obtained by 
local use. No reported series is yet available, 
but Wilson mentions that sulfathiazole plus 
antiserum and conservative surgery are being 
used predominantly on these infections in 
England at present. One patient that we 
treated with both sulfathiazole and roentgen 
irradiation made a satisfactory recovery. 

We have given sulfadiazine to 3 patients 
with Clostridium welchii infections in addition 
to applying it to the local lesion. In each case 
the infection was brought under control 
rapidly, and within 2 to 3 days clean granula- 
tions covered a good portion of the affected 
area. One of these patients received nothing 
at any time but sulfadiazine, while in the 
other 2, this was supplemented by roentgen 
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irradiation. One of the latter died from other 
causes. 


EXPERIMENTAL CLOSTRIDIUM WELCHII 
INFECTION IN DOGS 


Roentgen irradiation in clostridium welchii 
infections was used for about 6 years before 
there was any experimental confirmation of 
its action. In large part this was due not to a 
lack of effort, but to a lack of adequate proof. 
Our first year of laboratory investigation was 
conducted on guinea pigs. We were not able 
to produce a satisfactory facsimile of a human 
“gas gangrene” because the spread through 
the tissues was so rapid that it became a 
generalized disease rather than a local one so 
that local roentgen irradiation was not ef- 
fective. The irradiated group did a little 
better than the controls but the results were 
not statistically significant. 

For an experimental test of the effects of 
roentgen irradiation and chemotherapy, we 
have produced Clostridium welchii infection 
experimentally in 255 dogs. This results in an 
infection which is quite similar to the disease 
in humans and is one which progresses some- 
what more slowly through the tissues than it 
does in smaller animals (8). 

The disease was produced by injecting 1.2 
to 1.5 cubic centimeters of a 20 hour, deep 
meat, subculture of a single strain deep into 
the thigh muscles. This strain was from a 
fatal case of Clostridium welchii infection and 
had remained undisturbed in an icebox for 6 
months. By taking the subculture each week 
from this master culture we were able to 
minimize the changes in toxicity and virulence 
that one working with these preparations 
must contend with. 

Usually within 3 hours after injection, there 
was edema and tenderness of the thigh with 
gas palpable deep in the tissues. When un- 
disturbed, the infection progressed rapidly. 
It dissected into the lower thigh and up into 
the abdominal wall usually with a fatal result 
in 24 hours. 

Roentgen irradiation. Of the 89 animals in 
the irradiation group, 50 received roentgen 
irradiation after the infection had become 
established (therapeutic irradiation), and 39 
were kept for controls. The experiment was 
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TABLE IV.—COMPARISON OF SULFADIAZINE, 
IRRADIATION, AND COMBINATION OF TWO 
USED THERAPEUTICALLY IN DOGS WITH 
CLOSTRIDIUM WELCHII INFECTION 
































No. Survivals Per cent 
Roentgen irradiation 50 13 26 
Controls 39 7 17.9 
Sulfadiazine 25 7 28 
Controls 15 I 6.7 : 
Sulfadiazine plus roentgen 25 3 12 _— 
irradiation 
Controls 12 3 25 











carried out in groups of 4 to 10 dogs injected 
simultaneously. Of the irradiated animals, 26 
per cent survived (Table IV), and of the con- 
trol group, 17.9 per cent survived. From the 
experimental standpoint, roentgen irradiation 
would not seem to be logical as a prophylactic 
measure.' 

Sulfadiazine and roenigen irradiation. When 
sulfadiazine combined with roentgen irradia- 
tion was given after the infection was well 
established in 25 dogs, there was a survival of 
only 12 per cent (Table IV). We have no 
explanation for this apparently antagonistic 
effect between roentgen irradiation and sulfa- 
diazine. Work in progress may clear up this 
paradox. For the present we offer it only as 
preliminary evidence that the two methods 
are not complementary and should not be 
used in conjunction with each other. 

Sulfonamides. Our experience with sulfa- 
nilamide in dogs is comparable to that of other 
workers in this field. When used prophylac- 
tically (if the concentration of the drug in the 
blood is raised to therapeutic levels prior to 
the inoculation with the infectious agent), 
sulfanilamide gave a survival of 60 per cent in 
15 dogs. Under the same conditions, butyryl 
sulfanilamide (a highly soluble preparation 
of sulfanilamide) gave 30 per cent survival out 
of a group of 10 dogs, while of 37 dogs in the 
control group, there was only a 16 per cent 
survival (Table V). When sulfanilamide is 
used after the infection is established, the ad- 
vantage over the control group should be con- 
siderably less as judged by our results with 


'The same group of controls has frequently been used for one or more 
experiments run concurrently. 
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TABLE V.—CLOSTRIDIUM WELCHII INFECTION 
IN DOGS TREATED PROPHYLACTICALLY 


No. Survivals Per cent 























Controls 37 6 16 
Butyry] sulfanilamide 10 3 30 
Sulfanilamide 15 9 60 
Sulfadiazine 25 22 C4 88 





TABLE VI.—SULFADIAZINE TREATMENT OF 
DOGS AFTER CLOSTRIDIUM WELCHII IS ES- 
TABLISHED 


























Dogs Survivals Per cent 
Sulfadiazine 25 7 28 
Control 5 I 6.7 





sulfadiazine. Other variations of the technique 
suggest that the drug used locally is a little 
more efficacious than when given parenterally. 
In view of the results obtained with sulfa- 
diazine, the prophylactic value of these two 
drugs was not sufficient to warrant a thera- 
peutic test on dogs. 

These results are fairly consistent with the 
reports of others for Clostridium welchii infec- 
tion, but with Clostridium septique and Clos- 
tridium oedematiens there is considerable 
contradiction (9, 10, 16). 

Sulfadiazine. Sulfadiazine has been superior 
in our hands to other drugs. When used 
prophylactically, in 25 dogs with experimental 
Clostridium welchii infection, there was an 88 
per cent survival. The control group of 37 
dogs (the same used in the preceding group) 
presented a 16 per cent survival. As shown in 
Table V, this is appreciably better than any 
results we had obtained with sulfanilamide 
preparations. After the infection was es- 
tablished in 25 dogs, the sulfadiazine was 
given therapeutically (3 hours after inocula- 
tion), and there was still a 28 per cent sur- 
vival. This is in contrast to a survival of 6.7 
per cent of 15 control dogs run concurrently 
(Table VI). None of the procedures used has 
actually aborted the infection. 

In the prophylactic experiments with sulfa- 
diazine, many of the animals showed none of 
the toxic symptoms which we were accus- 
tomed to see. The dogs would often feel well 
enough to walk about instead of lying prone 


in their cages. The accompanying photo- 
graphs (Figs. 1 and 2) show the difference 
between a control and one of the sulfadiazine 
treated dogs at the end of to days. 


CONCLUSIONS 


From our experience it seems that a number 
of cases of Clostridium welchii infection fall 
awkwardly into the group called “gas gan- 
grene.” For this group the term “clostridium 
infection” seems rather inadequate, but 
“clostridium cellulitis” is a reasonably de- 
scriptive term. There is undoubtedly a wide 
variation in the manifestations of the disease. 

The complementary use of conservative 
surgery with either a sulfonamide or roentgen 
irradiation gives as good results as we know 
how to obtain at present. The reservation of 
amputation for these cases in which there is a 
markedly compromised vascular bed is war- 
ranted. 

Both sulfanilamide and roentgen irradiation 
when employed alone have some beneficial 
effect on the course of the infection both ex- 
perimentally and clinically, and lately we have 
used sulfadiazine in 3 patients with success. 
All of these observations are borne out more 
or less clearly by animal experimentation. 
The results have been especially encouraging 
with sulfadiazine. The prophylactic use of the 
sulfonamides is invariably superior to ad- 
ministration of the drug after the infection is 
under way. 

The development of the experimental as- 
pects of the studies has been delayed by the 
variance of strains, loss of virulence, and by 
the multiplicity of therapeutic measures used. 
All of these variables must be considered in 
grading experimental results. 

We believe that it is essential, particularly 
in the study of this infection, to reproduce a 
disease which resembles closely that seen in 
humans. In our hands this ideal has been 
more nearly fulfilled in dogs than with any of 
the other laboratory animals. The resem- 
blance is closer to the human reaction in all 
respects. As seen from the charts, there are 
always a few of the controls that survive (6.7 
to 25 per cent),! but there has always been a 


10f 53 consecutive control dogs, the average survival has been 16.9 
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distinct contrast between them and _ the 
treated animals. Out of the 255 dogs used to 
date, only 1 has not developed the disease. 
This was the only animal not included in the 
results. This 1 animal had a high antiwelchii 
titer in the blood, and we assume that he had 
had a previous exposure to the organism. 
There is a relative immunity developed in 
these animals after 1 inoculation with Welch’s 
bacillus (8). 

From the experimental standpoint it should 
be emphasized that we are dealing here with a 
“pure” infection uncontaminated with sec- 
ondary invaders. This work in no way in- 
validates the clinical reports of others who are 
to be admired for their tenacity in pioneering 
in the treatment of this disease clinically 
(11, 12). We have presented experimental 
data in dogs showing that roentgen irradiation 
is a valuable asset in the absence of a specific 
which is still to be found. At the present time, 
the simplest therapeutic attack seems to be 
chemotherapeutic in nature (sulfadiazine or 
some allied compound). 


SUMMARY 


1. Many of the virulent infections caused 
by Clostridium welchii are more of the nature 
of a cellulitis than a gas gangrene. 

2. Radical surgery is recommended only in 
cases of severe vascular damage. 

3. Sulfanilamide or roentgen irradiation, 
when used alone, exerts a beneficial influence 
on the course of the disease, and to about the 
same degree. Sulfathiazole is probably some- 
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what more efficacious. Sulfadiazine is superior 
to any other drug or method of treatment 
(experimental proof only). 

4. The combined use of both sulfadiazine 
and roentgen irradiation has given poorer re- 
sults experimentally than has the use of either 
separately. 

5. The Clostridium welchii antiserum is of 
some efficacy only when additional methods 
are used to combat the local lesion. 

6. Conservative surgery coupled either 
with a sulfonamide or with roentgen _ir- 
radiation is the treatment of choice. At 
present we recommend conservative surgery 
plus sulfadiazine. ‘ 
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THE VALUE OF SULFATHIAZOLE IN THE TREATMENT 
OF PERITONITIS AND ABSCESSES OF APPENDICAL ORIGIN 


EDWARD S. STAFFORD, M.D., F.A.C.S., Baltimore, Maryland 


N a previously reported series (1) of 479 
consecutive cases of peritonitis or abscess 
of appendical origin, in all of which the 
condition was treated at the Johns Hop- 

kins Hospital by immediate operation, there 
were 48 deaths, a mortality rate of 10 per cent. 
This mortality rate compares favorably with 
those reported from other hospitals of similar 
size and is somewhat lower than the average 
of results reported for the delayed or expectant 
treatment of perforative appendicitis. A 
study of the fatal cases, however, showed that 
at least 14 of the deaths were the result of in- 
adequate diagnosis and treatment of com- 
plications which arose days or weeks after the 
initial operation. 

Since then 2 years have elapsed, during 
which period a second group of consecutive 
cases has been treated. This series although 
numerically smaller, resembles the earlier one 
exactly as regards type of patients, proportion 
of appendical perforations on admission, and 
incidence of the various postoperative com- 
plications, but less than half of the expected 
number of deaths occurred. The treatment of 
the patients in this second group differed from 
that of the earlier series by the use of sulfa- 
thiazole in nearly all instances, and by more 
careful observation and treatment of those 
patients who did not recover promptly after 
operation. As in the earlier series, every pa- 
tient was subjected to immediate operation. 
From September 1, 1939, to September 1, 
1941, there were 105 patients who had 
peritonitis or abscess of appendical origin, and 
only 5 of them died. Postmortem examina- 
tion was made in 4 of these. 

Others have reported on the use of sulfanila- 
mide and related drugs in the treatment of 
perforative appendicitis, and in most instances 
the drugs have been used locally in the wound, 
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or in the peritoneal cavity. In the present 
series of cases sulfathiazole was administered 
intravenously and/or by mouth, none being 
used locally. It was desirable to give this 
method a thorough trial so that an evaluation 
could be made, and it seemed that spreading 
infections, and infections of extra-appendical 
origin, such as pneumonia, might be more ef- 
fectively dealt with in this manner. An initial 
dose of 4 grams of sulfathiazole was given to 
the average adult, and this was followed at 
regular intervals by a sufficient amount of the 
drug to maintain a level in the blood of 6 to 8 
milligrams per cent. The first dose or two was 
usually administered intravenously, and there- 
after the drug was given by mouth unless it 
was found that the patient was unable to 
retain it. 


TABLE I.—GENERAL SUMMARY OF RESULTS 
No. No. 


patients deaths Per cent 
Appendicitis with perforation 
ee ae 42 I 2.38 
Appendicitis with perforation 
and peritonitis............ 63 4 6.35 
Ws 5s cs tnesse de peuseen 105 5 4.76 


TABLE II.—CHIEF CAUSES OF DEATH 


No. deaths 
From From 
1931-1039 1939-1041 
(In 479 (In 105 
consecutive consecutive 
Cause of death patients) patients) 
Direct complication of appendicitis 
Generalized peritonitis........4.... 13 2 
ce rrr ee 4 fo) 
Sn one I ° 
DEOCMMMNCAE TCUS. 5 onic wecneecss 7 ° 
SUNDMTENMG BOOCERS. ...... 2s os 5.000 5 ° 
Rectovesicns MAA. ..... 0.6.06 0s050s I ° 
Spontaneous rupture of untreated pelvic 
NE scene oarcarcieaias ote nas I I 
Extra-appendical complications 
ee Ee I ° 
Pulmonary embolism.............. 3 I 
OS Ae reer 4 ° 
“Poor-risk patients... ......5.2.% 4 I 
Cause of death uncertain........... 4 ° 
ME Saco Ore cede Sanne eeeieions 48 5 
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Anyone familiar with the use of sulfa- 
thiazole is aware of the various manifestations 
of drug intoxication. These include fever, 
rash, and conjunctivitis chiefly; nausea and 
blood destruction do not occur so frequently. 
All of these phenomena were observed in the 
present series, and on a few occasions it was 
necessary to discontinue the drug, but this 
happened in only 1 of the 5 fatal cases. 

Table II offers an interesting comparison. 
Despite the smaller size of the second group 
certain remarks may be made. I believe that 
the low incidence of deaths from generalized 
peritonitis is due to the effect of sulfathiazole, 
and in the cases of the 2 patients who suc- 
cumbed the postoperative course was pro- 
longed far beyond the most optimistic 
expectations. 

The absence of deaths resulting from un- 
recognized mechanical ileus or from unrecog- 
nized subphrenic abscess is not due to the lack 
of these complications, for they occurred with 
their usual frequency, nor can the fact be 
ascribed solely to the use of sulfathiazole. It 
is in this group of patients, with complications 
treated inadequately in the earlier series, that 
better methods of postoperative care have 
brought about improved results. 

The single patient considered to be inade- 
quately treated was a 7 year old boy who had 
generalized peritonitis of appendical origin. 
He improved steadily for 8 days after opera- 
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tion, and then a definite pelvic abscess formed. 
This was recognized, but palliative therapy 
was attempted rather than surgical drainage. 
On the thirteenth day after operation the ab- 
scess suddenly ruptured, and the patient died 
in a few hours. 

That no deaths occurred from pneumonia is 
probably the result of the chemotherapy. ° 

The single fatality placed in the ‘‘poor risk” 
category was that of a male of 58 years who 
entered the hospital with generalized perito- 
nitis and in acidotic coma. He was found to 
have diabetes mellitus, and the blood con- 
tained 460 milligrams per cent of sugar. 
Efforts to regulate the diabetes and to im- 
prove his condition generally were unavailing. 
He died 2 days after operation. 

In summary, it can be fairly stated that 
sulfathiazole given by vein or by mouth is a 
useful adjunct to the treatment of perforative 
appendicitis. An equally potent factor in the 
improved results obtained in the Johns Hop- 
kins Hospital during the past 2 years has been 
the more adequate treatment of postoperative 
complications. Although this series of cases is 
small, the trend is in the right direction and 
serves to strengthen my conviction that im- 
mediate operation is the correct treatment for 
acute appendicitis in any stage of the disease. 
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SOME LESSONS LEARNED IN THE GREAT WAR 
W. E. GALLIE, M.D., F.A.C.S., Toronto, Ontario 


O those of us whose fortune it has 

been to serve our troops in time of 

war, the spectacle of what is happen- 

ing in Europe today cannot fail to 
make vivid again the memories of what we 
learned, and to stir within us anew a burning 
desire to help our heroic men. If we are to be 
truly helpful, however, we must make sure 
that we have really remembered the lessons we 
learned and that we are prepared to apply to 
present war conditions all the lessons that are 
new. 

In approaching this important subject one 
is apt to succumb to the temptation to com- 
ment on every field of surgery with which one 
has had any contact whatever. Thus it is with 
difficulty that I refrain from referring to the 
remarkable things that we saw and did in the 
gunshot wounds of the chest, abdomen, and 
skull. On this occasion, however, I shall con- 
fine myself strictly to that field in which I 
have had a really broad experience and in 
which I should be able to speak with some 
authority. 

Thinking over the compound fractures of 
the bones of the extremities, I would say that 
the greatest advance came from the introduc- 
tion on the battle field or at the ambulance 
dressing station of adequate splinting. Every- 
body knows the spectacular reduction of the 
mortality rate that came with the introduc- 
tion of the Thomas splint. Similarly there 
came a great improvement in the final results 
when the new methods of applying traction, 
such as by ice tongs, Sinclair’s skates, and 
other devices were introduced. I have no 
doubt that further improvement will result 
from the Kirschner wire. 

The outstanding impression left on my 
mind, however, from observation of large 
numbers of these patients at the convalescent 
stage, was the very great difference in the 
qualify of the results obtained in different 
hospitals. The explanation was perfectly sim- 
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ple, for in one there was a leading spirit like 
Sinclair or Pearson or Blake whereas in 
another there was nobody interested in frac- 
tures. Surgeons had better get over the idea 
that anybody can treat fractures well enough, 
for the results that come from incompetent 
management are appalling. The remedy, of 
course, is to see that at least one expert in 
fractures is attached to each surgical unit. 

The most important contribution to the 
treatment of wounds in the last war was the 
preliminary débridement followed by the Car- 
rel-Dakin method of irrigation. Whether the 
latter will be superseded by the new methods 
remains to be seen. With regard to these, 
however, it would seem that if the bombing 
would allow a controlled experimental study 
of the new methods such as the Trueta oc- 
clusive treatment and the local and general 
use of the sulfonamide drugs, some definite 
conclusion should be arrived at before long. 
As things stand at present there is very little 
reason for confidence in the statements that 
are being made either for or against their use. 

While practically all the compound frac- 
tures resulting from gunshot became infected, 
osteomyelitis was not a serious complication 
nor did it interfere greatly with the final re- 
sult. Union went on in the usual way and of- 
ten with greater osteogenic activity in the 
fragments than in simple fractures. Before 
my war experience it had always been my im- 
pression that infection was an important 
cause of nonunion. As an actual fact, however, 
of a thousand infected compound fractures 
that passed through my hands, less than 50 
failed to unite and when one came to investi- 
gate these one found that the nonunion in 
most cases was due to loss of bone. 

The most important lesson learned in regard 
to chronic osteomyelitis and septic nonunion 
was that the patients could be operated upon 
without any serious risk of stirring up the in- 
fection and that if the wound was left wide 
open with gauze drainage extending into its 
depths they rarely had a rise of temperature. 
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The contribution made by Winnett Orr when 
he pointed out the importance of wide open 
drainage, complete immobilization, and infre- 
quent dressings cannot be overestimated. 
These wounds do not need to be dressed for 2 
or 3 weeks and by that time are completely 
lined with healthy granulations and are well 
on the way to closure. 

When the importance of this principle was 
thoroughly understood, a great change came 
into the treatment of the septic nonunions. 
Instead of limiting treatment to the infection 
and the osteomyelitis and waiting a year or 
two before attempting a bone graft operation, 
it became the general practice to deal with the 
nonunion at once by removing the sequestra, 
placing the freshened fragments in contact and 
immobilizing. The result in almost all cases 
was a quick union of the fracture and the 
saving of a year or two of hospitalization. 


NERVE LESIONS 


Of all the problems that the war brought to 
the reconstruction hospitals the most inter- 
esting was that of the lesions of the nerves. 
These cases were collected in special hospitals 
because in them the surgical staff was com- 
posed of men specially trained in extremity 
surgery and particularly qualified to deal with 
the deformities and disabilities that result 
from nerve lesions. 

The rise of the neurological surgeon may 
lead to some agitation for a transfer of the 
nerve lesions from the orthopedic to the 
neurological surgeon, but from my observa- 
tion of the two types of surgeon in action and 
from my own experience with both types of 
surgery, I would say that these patients are 
more likely to profit in the long run from the 
care of the modern orthopedic surgeon than 
from any other. 

The lessons we learned about the wounds of 
the nerves were of the utmost importance and 
should be reviewed now if our young surgeons 
are to avoid our mistakes. Let me say that of 
all the remarkable things the surgeon does 
none is so spectacular in its results as the 
suture of a nerve. On the other hand no 


operation requires more attention to the de- 
tails of technique if the best results are to be 
obtained. 
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Both in military and in civilian practice the 
question often arises as to whether a suture of 
a severed nerve should or should not be per- 
formed at the preliminary débridement. My 
answer is that if speed is necessary because of 
shock or hemorrhage or if there is the slightest 
risk of infection it should not be done. In 
clean incised wounds in which a thorough 
clean-up can be carried out it is justifiable, 
but in a shell wound, never. The business of 
the surgeon is to do a débridement as quickly 
and thoroughly as possible and to get the pa- 
tient into an efficient splint and back to bed 
or on his way down the lines. The most that 
should ever be done to a severed nerve is to 
link the two ends with a catgut suture so that 
when the ultimate dissection is done the ends 
will be found close together. 

The technique of nerve suture is well 
known, but I cannot refrain from referring to 
the absolute necessity of getting end-to-end 
contact if recovery is to be expected. To ac- 
complish this all sorts of tricks must be re- 
sorted to, such as transferring the ulnar in 
front of the internal epicondyle and flexing 
the elbow acutely, flexing the knee to a right 
angle while repairing a 6 inch gap in the sciatic 
nerve and then placing the patient on his back 
with his hip in full extension and his leg drop- 
ped through a hole in the mattress so as to re- 
lieve tension on the sutures. In all these op- 
erations in which joints must be held flexed 
after the suture, a plaster bandage must be 
applied and left undisturbed for at least a 
month, that is, until the down-growing axis 
cylinders are well past the line of suture. 
After that a series of plasters must be applied 
at weekly intervals, and the joint straightened 
out gradually. 

Occasionally the surgeon is confronted with 
a lesion in which the gap is so great that there 
is no hope whatever of bringing the severed 
ends into contact. If this happens in the mus- 
culospiral nerve it is of no great consequence 
because one can count on an extraordinarily 
good result from a transfer of flexor muscles 
into the extensors. But when it occurs in the 
median nerve it is a major calamity. Here 
there are three alternatives: First, one may 
dissect the nerve a long way back and then 
draw the two bulbs as closely together as they 
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will come with a silk thread, and close the 
wound. Ten days later the wound can be op- 
ened up and it will often be found that’ the 
ends can then be brought together without 
tension. Second, one may introduce a nerve 
graft. Theoretically this should be useful for it 
has been done successfully in animals, but in 
man the results have been disappointing. In 
no case in which I saw it done was the result 
worth the trouble. However, if I were work- 
ing on these cases now, I would try out the 
suggestion of using degenerated nerve as a 
graft and freshening the distal end and the 
proximal end of the distal segment of the nerve 
when the axis cylinders were due to pass that 
point. This would at least be more hopeful 
than the third alternative, which consists of 
doing nothing. 


AMPUTATIONS 


Familiar as most surgeons are with the 
various types of amputations, not many have 
had a sufficient experience to justify the for- 
mation of final opinions on all phases of the 
question. It happens, however, that it has 
been the policy of the Canadian Government 
to bring all the amputation cases from time to 
time to an amputation clinic at the Govern- 
ment artificial limb factory at Toronto, so 
that it has been possible for a small group. of 
surgeons, of whom I am one, to study and to 
follow these cases for nearly 25 years. A life 
history of all these patients, comprising 2,000 
in all, is now being prepared by Dr. Gordon 
Dale and will be published soon. From our 
place of vantage in this clinic we have been 
able to observe these men, not for a week or a 
year, but for a quarter of a century. We have 
figuratively watched them walk down the 
years, slowly changing from youth to old age, 
and we feel that we know, as few can possibly 
have had the opportunity to know, the sur- 
gery of amputation. 

I shall not attempt to discuss this matter in 
any detail as this has recently been done 
elsewhere. I must point out, however, a few 
outstanding principles that it would be well to 
remember if it is our misfortune to have to 
face again the casualty lists of 1918. Almost 
the only reason for amputating a soldier’s limb 
is to save his life. It is because his limb is 


‘ 


gangrenous or about to become gangrenous 
because of wildly spreading streptococcus or 
gas bacillus infection. It is seldom, therefore, 
that a formal amputation of any kind is justi- 
fiable. One must content oneself with a quick 
circular cut, leaving the skin long so that it 
cannot retract above the section of the muscles 
and bone and leaving the wound wide open 
for adequate drainage. This is the so-called 
guillotine amputation, modified by leaving the 
skin long, that became so popular in the cas- 
ualty clearing stations and base hospitals in 
the old war. It was a life saver, pure and sim- 
ple, but it worked. 

One sometimes hears this type of amputa- 
tion criticized on the grounds that it takes the 
stump a long time to heal, that it usually 
leaves a stump that is unsuited to fitting with 
an artificial limb and that it often requires re- 
amputation. Admitting the truth of all these 
criticisms, however, we are still convinced 
that this method must be used if the mortality 
rate is to be kept down. Some modification of 
these views may come if the new bacteriostatic 
drugs prove helpful, but I doubt it. 

It is in the reconstruction hospitals that 
final preparation of these patients for artificial 
limbs takes place and it is here that the formal 
amputations should be done. In the lower ex- 
tremity, there are only four that need concern 
us as the others are practically only of his- 
torical interest. They are the Syme’s and the 
midcalf operations below the knee and the 
Gritti-Stokes and the midthigh, above. 

For nearly a hundred years the academic 
storms have raged about the operation of 
Syme. At one time it used to be the London 
surgeons who abused it but now it is said that 
Edinburgh has forsaken it and London has 
taken it up. Our experience has been, how- 
ever, that it is the best of all amputations of 
the lower extremity and that when well done 
it allows a man to stand and walk all day, to 
follow the plough, to work in a factory or to 
do most of the things that a normal man can 
do. Twenty years ago I was put out of a 
squash tournament by a man who had had 
a Syme amputation done 15 years before. | 
met him the other day, 35 years after his op- 
eration, walking along with hardly a sign of a 
limp. It is our experience that if the heel flap 
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is well fitted on the ends of the sectioned 
bones, and if the nerves are cut well back, it 
will stand up to hard usage for a lifetime. 

One of the chief causes of the unpopularity 
of the Syme operation has been the unfriend- 
liness towards it of the artificial limb makers. 
Not many of them can make a good Syme 
artificial limb and even when they can they 
dislike it because it cannot be made symmetri- 
cal with the opposite limb. The result has 
been that whenever a Syme stump is the least 
bit defective, off it comes to make way for the 
pretty below-knee artificial limb. Unfortu- 
nately many a man has lived to rue the loss of 
his Syme stump for it is rare indeed for the 
midcalf below-knee stump to stand up to the 
wear and tear of ordinary usage the way a 
Syme’s will do. The trouble with the below- 
knee stump is that with each step the whole of 
the weight is borne on the sloping sides of the 
upper end of the tibia, on skin that is unac- 
customed to intermittent pressure and fric- 
tion. The result is a succession of attacks of 
skin irritation, blistering, and ulceration. In 
not 1 in 10 cases can these men face anything 
but a sedentary life. 

When the unsuitability of the midcalf op- 
eration for Canadian soldiers became appar- 
ent, all enthusiasm for reamputating Syme’s 
stumps disappeared. It was quickly discovered 
that many of the defects could be overcome by 
doing the Syme operation over again, refash- 
ioning the flap, cutting short the nerves, and 
making sure that the bulbous soft tissue pad 
was held in correct relationship to the bones 
until healing occurred. Over and over again 
these defective stumps have been made per- 
fect in this way and there is no doubt that 
before any Syme stump is amputated the pos- 
sibility of repairing it should be thoroughly 
considered. 

So unsatisfactory has the below-knee am- 
putation proved in the Canadian army that 
the majority of these stumps, after a series of 
reamputations, removals of the fibula and ex- 
cisions of neuromas have finally been convert- 
ed into Gritti-Stokes above-knee end-bearing 
stumps. It is a pity, of course, to have to 
sacrifice the knee joint but experience has 
shown that the end-bearing thigh stump is far 
more serviceable to the workman than the 


midcalf. Large numbers of our men with this 
type of amputation are working an 8 hour day 
at benches and machines and seldom losing a 
day’s work. 

Compared with the other amputations that 
of the midthigh is a great calamity. In spite 
of the amazingly clever artificial limb that has 
been devised for it, it has been found that the 
men are rarely able to hold any but sedentary 
jobs. The trouble is that they have to sit on 
the top of the bucket, carrying weight on skin 
that is not accustomed to it and with only the 
minimum of control over the movement of 
the joints. It should be performed, therefore, 
only as a life-saving measure. 

The dictum of Ambroise Paré that a gun- 
shot compound fracture, combined with a 
rupture of the main artery to the limb, calls 
for amputation has stood for nearly 400 years. 
We are wondering, however, if after all this 
time some exceptions may not be found to this 
rule. Paré was faced with the certainty of in- 
fection piled on top of the fracture and the 
severe injury to the circulation so that he knew 
that his patient’s only chance depended on an 
immediate amputation. With early débride- 
ment of wounds, however, infection can be 
completely prevented in many cases and the 
new drugs may ultimately increase this num- 
ber. It may be possible, therefore, with the 
aid of heparin, to restore the circulation at the 
time of the débridement by suture of the 
severed artery or to maintain it for a few days 
by means of a glass tube, until a collateral cir- 
culation is established. Certainly the experi- 
mental studies of Murray both on animals and 
on a small series of patients in hospital indi- 
cate that occasionally, particularly in air 
raids, when the patients can be brought 
quickly to hospital, such a plan of treatment 
might be effective. 

While in this review of experiences gained in 
the war of 1914 I have limited myself to a 
very small part of the broad field of war sur- 
gery, much of what I have said has close rela- 
tionship to all wounds, no matter where they 
may occur. What we all want to know is, 
first, how to prevent wounds becoming in- 
fected and, second, if they are already infected 
when they come into our hands, how best to 
combat that infection and to give our patient 
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the best chance for his life and limb. From 
the old war we learned or relearned the im- 
portance of splinting, débridement, and free 
drainage. In this war we shall have an op- 
portunity to try out the effectiveness of 
chemotherapy and the use, locally, of the sul- 
fonamide group of drugs. If medical experi- 
ence in this war in any way resembles that of 
the last, however, the process of arriving at 
sound conclusions on these matters will be ex- 
ceedingly slow. It seems to me that the in- 
formation we so urgently need can come only 
from large scale controlled clinical experi- 
ments such as have been proposed by Meleney 
of New York. If, for instance, groups of 50 
street accident cases were placed under the 
observation of a few trained observers and if 
one group were treated by débridement alone, 
one by débridement plus Carrel-Dakin irriga- 
tion or chemotherapy or the local use of the 
sulfonamides or the Orr-Trueta occlusion 
method, it should be possible within a few 
months to settle the question of how to treat 
wounds. Such experiments could easily be 
carried out in the great hospitals of New 
York, Chicago, and Boston, supplied as they 
are with enormous numbers of patients and 
sheltered from the continuous disruptive ef- 


fect of falling bombs. What a grand thing it 
would be for our soldiers if, before the great 
casualty lists begin, the Director General of 
Medical Services really knew the value of the 
new methods of treatment and felt himself so 
strongly supported by experimental and clin- 
ical evidence that he could order the adoption 
of those general principles that offer the great- 
est hope of success. 

I cannot conclude my remarks without 
thanking you for the high honor you have 
done me in adding my name to the list of the 
distinguished surgeons who have delivered the 
‘Oration on Surgery”’ before the American 
College of Surgeons. I must confess that the 
word ‘‘oration’’ at first filled me with mis- 
givings; but I find that it really is a word 
which is used, not to cramp the style of the 
speaker, but to do honor to him. Allow me at 
this moment, too, to assure you that the kind- 
ly and friendly spirit which has led you in 
this time of war to select a Canadian as your 
President is deeply appreciated by myself and 
my colleagues. The overwhelming evidence of 
your friendship brings comfort to all Ca- 
nadians and helps them to face the future with 
good heart, no matter what that future may 
hold. 
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THE PROBLEMS OF SURGERY IN TOTAL WAR 


With Special References to Abdominal Injuries 


Temporary Surgeon Rear Admiral GORDON GORDON-TAYLOR, C.B., O.B.E., LL.D., M.A., 
F.R.C.S. (Eng.), London, England 


PROPOSE to make use of a certain series 

of abdominal injuries collected from the 

casualties of this war, and to employ 

this group of cases as a means of intro- 
duction to the consideration of certain clinical 
phenomena which appear to be novel in this 
conflict, to certain methods of treatment 
which are on trial, to the great value of whole 
blood and the blood substitutes which have 
been employed on an unprecedented scale in 
this campaign, and finally to the environ- 
ment in which many of these patients have 
been injured or dealt with surgically. 

The most prolific cause of injury through- 
out the centuries has been the warring in- 
stinct of mankind. Heretofore, the male has 
naturally been the sex almost exclusively 
marked out for this type of lesion; but “total 
war’’ makes no sex or age distinctions, and the 
experience of the Spanish war, which was 
utilized by Nazi and Fascist merely as a dress 
rehearsal for the blood bath to be commenced 
in the autumn of 1939, should have warned 
mankind of the principles and practice of the 
aggressors, nay assassins, who are now en- 
gaged in endeavouring to institute in Europe 
what has been inappropriately termed the 
New Order—surely a most glaring misnomer. 
Among the more primitive tribes it is almost 
unknown for the male deliberately to attack 
or injure the female; and in the animal king- 
dom it is only on the rarest occasions that the 
male has made an onslaught upon the female 
of the species. The wholesale, indiscriminate 
bombings, involving the lives of countless 
women, children, babes and sucklings which 
characterize “total war,’’ forever brand those 
nations who first introduced and practiced 
this technique with the stigma of a reputation 
for diabolical cunning, cruelty, and sheer 


_Presented before the Clinical Congress of the American College 
of Surgeons, Boston, November 3-7, 1941. 
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blood-lust unknown in any brute or beast. 

In ancient times surgeons built up their 
experience in the workshops of war; and war 
throughout the ages seems always to have 
served as a stimulus to advancement in sur- 
gical knowledge and craft. It is a little strange 
that the abdominal surgery of war should have 
lagged so far behind the operative treatment 
of similar injuries received under peacetime 
conditions. Six centuries have rolled past 
since Henri de Mondeville counselled suture 
of the colon and affirmed the recovery of some 
of those who had received wounds of the large 
intestine, and Ambroise Paré in the sixteenth 
century, writing of prolapsed and damaged 
intestine, pointed out that the injuries must 
be sutured, and evisceration reduced. 

The dismal story of the lack of surgical 
progress in the abdominal surgery of battle, 
which characterized the centuries up to the 
period of the last great war, is well known and 
need hardly be reiterated. The present occa- 
sion, however, affords an opportunity for cor- 
recting at least one error respecting the his- 
tory of the abdominal surgery of the war of 
25 years ago. If I may be permitted to digress 
for a moment to the history of the abdominal’ 
surgery of that great conflict, the first ab- 
dominal operation on the Franco-British front 
was in fact performed in December of 1914 by 
the late Captain John Campbell of Liverpool, 
an alumnus of a famous school of abdominal 
surgery; the operation was a successful suture 
of a penetrating wound of the stomach. 

The work of Owen Richards, however, really 
placed the abdominal surgery of warfare on 
its permanent sound footing. His enthusiasm 
and enterprise were fittingly crowned by the 
honor of being the first surgeon on the British 
Front to save an intestinal wound by means of 
operative surgery. On March 18, 1915, this 
surgeon successfully excised six feet of ileum, 


376 


perforated in twenty places; in some parts 
the gut was so damaged that two-thirds of 
its circumference was torn through. The sol- 
dier was a Scotch Canadian, who, after re- 
ceiving the injury in a German trench, walked 
back to his own lines. 

The third successful abdominal operation 
on the British Front in the last great war was 
performed by Claude Frankau and dealt with 
a gunshot wound of the colon. Here are re- 
corded three pioneer operations: stomach, 
small gut, colon; Campbell, Richards, Frankau. 

No story of the abdominal surgery of war- 
fare would be complete without some refer- 
ence to Sir Cuthbert Wallace, whose en- 
thusiasm and staunch support for his surgeons 
in the British First Army in the war of 1914- 
1918 did so much to settle forever the curious 
controversy upon abstention or intervention 
for'abdominal wounds which had occupied the 
minds of military surgeons so long. No 
quixotic fancy made me write a year or two 
ago: “St. Cuthbert must surely be adopted 
as the patron saint, not only of the luckless 
stricken in the belly by the missile of an 
adversary, but also of all such surgeons as 
have a special interest in the abdominal in- 
juries of warfare.”’ 

After 2% years of warfare, it is perhaps 
not inopportune to take stock of our exper- 
ience of the abdominal war injuries of this 
‘total war,” and to compare and contrast the 
war surgery of the abdomen of two periods of 
time separated by a quarter of a century. 

The series of 600 operations for abdominal 
injury in this present review comprises a most 
motley collection, including abdominal casual- 
ties received in naval warfare or admitted into 
Naval institutions, and civilians damaged by 
the indiscriminate air bombardments of 
Britain; there are also included certain Army 
casualties, represented by the abdominal flot- 
sam and jetsam of the ‘‘Dunkirk miracle” and 
the evacuation of northern France. Still 
others come from the Royal Air Force and are 
for the most part those brought down during 
the epochal “Battle of Britain,” which should 
be surely termed the “Battle over Britain” —a 
nomenclature which perpetuates for all time 
the prowess of ‘“‘the few to whom so much has 
been owed by so many.” This multifarious 


SURGERY, GYNECOLOGY AND OBSTETRICS 


group constitutes a series from which con- 
clusions may justifiably be drawn. 

In addition, there are also cases of injury to 
the belly which have been received under cir- 
cumstances more or less inseparably related to 
“total warfare’’; thus for example, the ‘‘black- 
out” has played no inconsiderable part in 
determining abdominal damage of this kind. 
Novel environment has also led to disasters, 
some of which involve the belly; the spleen 
has been ruptured through a fall on the stone 
floor from an air raid shelter bunk (!), by the 
fall of a warrior on his tin hat or of a sailor 
upon his gas mask. Catastrophes which befall 
the individual in peace may also overwhelm 
him in war, and the circumstances of the 
emergency and the environment of operation 
may invest both with a panoply of the 
dramatic. 

Abdominal catastrophes consequent upon 
disease have also been dealt with surgically 
under “‘front line conditions”; perforated pep- 
tic ulcers have been dealt with successfully by 
operation in hospitals during air raids, and 
even in the woods adjacent to the Dunkirk 
beach. Strangulated hernias have been ad- 
mitted along with air raid casualties during 
the “blitz,’’ and have taken their turn for 
operation with men and women injured by 
high explosives. 


ABDOMINAL SERIES 


Infrequency of operation. In this present 
conflict the abdominal surgery of war has cer- 
tainly seemed conspicuous by its infrequency, 
and the apparent paucity of numbers has 
impressed individual observers whose sphere 
of surgical activity in the Franco-British 
Casualty Clearing Zone 20 odd years ago 
furnished them with an abundant experience 
of operative aid for soldiers suffering from 
wounds in the abdominal area. 

In Great Britain, no one hospital, no single 
surgeon, has had so far any vast experience of 
these cases; they are scattered over innumer- 
able cities, townships, villages, and hamlets 
throughout the land. The conditions of 
wounding today are of almost infinite variety, 
and in this “total warfare” the men of the 
fighting forces and the civilians, the women 
and children, the aged and the nursling have 
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suffered injuries to the belly and elsewhere in 
circumstances as diverse as the missiles and 
mechanisms of destruction that have dam- 
aged, destroyed, or perhaps completely dis- 
sipated their bodies. 

In this “total war’’ a considerable per- 
centage of the casualties from air bombard- 
ment results from crushing force or from the 
direct or indirect effects of ‘‘blast”’; in crushing 
injuries the abdomen is less exposed to 
damage than, for example, the head, shoul- 
ders, or limbs; and in lesions due to “‘blast”’ 
the lungs are more vulnerable than the ab- 
domen. Experience has in fact demonstrated 
that, despite the stout-hearted efforts of 
rescue squads and the courage and devotion 
of ambulance drivers in cities, desperate or 
moribund abdominal cases do not crowd the 
doorsteps of our hospitals and infirmaries, and 
it becomes difficult to escape the conclusion 
that in Britain at any rate abdominal casual- 
ties able to repay surgical aid are in truth 
infrequent. 

The infrequency of abdominal operations 
among civilian casualties. The following con- 
siderations are germane to the discussion. 

1. The frequency and severity of crush in- 
juries of the trunk, including the abdomen, 
have been a feature of casualties on the “Shome 
front”; such injuries are indubitably more 
mortal than penetrating wounds. Subparietal 
injuries of the abdomen and its contents 
played a relatively small part in the abdomi- 
nal surgery of the last war; this time civilians, 
women, and children of tender years, and 
even the unborn babe, are suffering crush- 
contusions from falling masonry and from 
burial under collapsed houses and dwellings. 
Fragments or masses of wood, stone, or 
metal may be confusedly hurled with devas- 
tating force against the abdomen; severe 
visceral damage or retroperitoneal hemor- 
rhage may be produced by “blast”? without 
any external evidence of injury. The ab- 
dominal parietes may suffer along with the 
subjacent organs, and effusions of blood may 
be encountered in any of the layers superficial 
to the peritoneum. Actual rupture of the ab- 
dominal musculature along with visceral in- 
jury was infrequent in the last war; the blow 
that ruptured the powerful belly muscles be- 





THE PROBLEMS OF SURGERY IN TOTAL WAR 377 


came too spent to damage the intestinal tract. 
The increase of destructive force nowadays 
destroys and damages without fine anatomical 
distinction. 

2. In towns and villages the most fright- 
ful wounds of the belly have been produced 
by flying glass; abdominal casualties have 
been eviscerated, or festoons of damaged in- 
testine may be herniated in front and behind, 
along with other injuries inside the peritoneal 
cavity. Such are mostly beyond surgical aid. 

3. Multiplicity also characterizes the wounds 
and damage sustained from air bombardment; 
not only is the mortality raised by concomi- 
tant lesions of many viscera, but many, even 
most of the regions of the body may be 
simultaneously damaged. The metal and dirt 
bespattered trunk and limbs in those who had 
been wounded by high explosives were 
familiar to surgeons in the last war, but the 
phenomenon is far more frequent in this con- 
flict, and the severity of the accompanying 
injuries renders the prognosis in many an 
abdominal case hopeless. 

4. Some of those injured in the belly may 
also suffer from burns of the body or limbs. 
This complication of abdominal injury may 
be encountered in ships or ashore; the prog- 
nosis will obviously become far more grave in 
such cases. 

5. The degree of shock encountered among 
the casualties of this war far transcends that 
with which surgeons were familiar between 
1914 and 1918. Despite the elaborate and 
highly organized resources of transfusion 
services, despite the transfusion of many pints 
of blood or plasma, despite the administration 
of oxygen, and all the resources of resuscita- 
tion therapy, many of the patients with ab- 
dominal injuries are past all operative assis- 
tance. 

6. The clinicopathological phenomena found 
in men or women exposed to “blast”? have 
been reproduced experimentally by Zucker- 
man (1940), who has shown that in 4o per 
cent of experimental animals subjected to 
“blast”? hemorrhagic lesions are found in 
various abdominal organs. In the realm of 
human pathology and in experimental work 
the abdominal viscera appear to be less sen- 
sitive to “‘blast” than are the lungs, and ex- 
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perimentally in cases in which lesions are 
present in the belly there are also pulmonary 
hemorrhages. The special vulnerability of the 
large intestine to “blast” in the case of the 
experimental animal is not so marked in the 
case of men and women; the proclivity of the 
small gut to exhibit lesions due to this casual 
mechanism is not far inferior to that of the 
large bowel; the stomach is seldom affected. 
The intestine may exhibit patches of hemor- 
rhage varying from punctiform spots under 
the serosa to large annular extravasations, and 
even rupture of the bowel has been known to 
occur. 

The spleen may be torn in persons exposed 
to “‘blast’’; the liver has been bruised or torn, 
or its right lateral surface may be diversified 
by lines corresponding to the ribs; the kid- 
neys and bladder are less often implicated. 
Blood clot has been seen in the peritoneum, 
and retroperitoneal hematomas, as well as 
effusions in the mesentery, are very charac- 
teristic. Attention is specially directed to 
these findings in the abdomen which result 
from “‘blast,’’ but once more it should be 
affirmed that the lungs are especially vulner- 
able to this mechanism, and that the planes 
of the head and neck and the nervous system 
may exhibit similar and perhaps extensive 
changes. The direct effects of ‘‘blast’’ are 
experienced close to the explosion only, but 
the many indirect effects may produce death 
or serious injury at a further distance. 

Nevertheless, apart from the actual nature 
of the abdominal wound, the ‘‘time lag” be- 
tween the hour of wounding and the possibility 
of expert surgery in a suitable environment 
obviously plays a most important part in de- 
termining the fate of all abdominal casualties 
not immediately fatal. 

The infrequency of abdominal casualties in 
the forces. The possibilities of the rapid col- 
lection of the wounded, and their rapid and 
efficient transport so as to keep the ‘‘time lag”’ 
within permissible limits must vary with the 
naval or the military situation. The time fac- 
tor may be inevitably protracted to the grave 
disadvantage of the patient by the vastness 
of the intervening expanse of sea or air. 

In army warfare a prolonged ‘“‘time lag” 
should not be so inevitable or capricious save 


in circumstances of retirement, since hospitals 
reserved for the treatment of abdominal and 
other cases of “first urgency”’ should be so 
mobile that they can be kept within the per- 
missible “‘time lag’”’ despite the rapid move- 
ments which nowadays characterize war. Al- 
ternatively, under certain conditions air trans- 
port can surely bring surgeon and patient 
together with the least sacrifice of important 
hours. 

It is manifestly impossible to maintain for- 
ward hospitals in an army falling backward, 
especially under conditions of rapid retreat. 
All patients operated upon before the ‘‘break 
through”’ must be sent far rearward, and for 
the most recent casualties little more than 
first aid treatment is possible before evacua- 
tion. Such untoward circumstances obviously 
preclude the possibility of recovery for any 
large percentage of abdominal cases; those 
that survive owe more to their own physical 
stamina and stoical fortitude than to the 
exuberant optimism and enterprise of the 
surgeon. Abdominal casualties certainly sur- 
vived the retreat of Gough’s Fifth Army in 
March, 1918 and also the more recent Dunkirk 
evacuation. 

In the first clash between the British forces 
and the enemy across the Channel in May, 
1940, the military situation precluded the 
successful performance of abdominal surgery, 
save on a small scale. Cases are known to me 
of abdominal injuries received during this 
period of very mobile warfare in which pa- 
tients were operated upon in France and 
Flanders, were rapidly embarked at Dunkirk 
and other French ports, and completed their 
recovery in England. For example, Major W. 
E. Underwood, R.A.M.C., had several suc- 
cessful abdominal cases at this time. 

Nowadays, the conveyance of British 
wounded in hospital ships under the aegis of 
the Red Cross carried special dangers. Ab- 
dominal casualties during transportation across 
the Channel and the high seas have shared 
with other injured men the mental torture and 
perhaps further physical agony from de- 
liberate bombardment of the Red Cross. 

In this war the chances of recovery of an 
abdominal case from such an outrage have 
been prejudiced still further by the air bom- 
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bardment of wounded men in the water, a 
practice which has been freely indulged in by 
the German and Italian even upon Axis allies, 
and few that had already been wounded in the 
belly can have survived. 

By reason of the environment in which 
naval casualties are inflicted and the nature of 
the missiles employed, abdominal wounds are 
very fatal in ships, although some splendid 
results have in fact been obtained in men 
wounded at sea, or even in the sea, during this 
present conflict. Surgeon-Lieutenant Donald, 
R.N., performed a laparotomy in one of H. M. 
Destroyers, when the ‘‘naval situation’”’ was 
such that there was no prospect of transfer- 
ence of the man to a hospital ship or ashore. 
Unfortunately, the cecum and ascending colon 
proved to be gravely damaged, with extensive 
contamination of the peritoneal cavity with 
liquid fecal material; the man succumbed. An 
injury to the small bowel might have held out 
a better hope of recovery. 

Immersion in the sea after shipwreck has on 
occasion been associated with a less familiar 
abdominal injury, to which Surgeon Com- 
mander Rex Williams, R.N., has given the 
name “immersion blast.’ This will be re- 
ferred to later in the author’s forthcoming 
Bradshaw Lecture and in Rex Williams’ Hun- 
terian Lecture in 1942. 

Nowadays there is no safe sanctuary any- 
where for the wounded, even in the hospitals 
and infirmaries of our cities. Wounds from 
enemy aircraft may even supervene upon med- 
ical illness; the Boche never hesitates to hit 
again when man, woman, or child is down. 
The destruction of hospital buildings may 
withdraw from the wounded man the hand 
stretched out to save him; every hospital in 
London except two has been hit by indiscrimi- 
nate air bombardment. A police inspector had 
been wounded by a bomb splinter which had 
entered the right flank, presumably damaging 
some intraperitoneal organ. He was placed 
upon plasma infusion which rallied him, and 
the man would without a doubt have been 
able to be operated upon; unfortunately, the 
hospital was badly damaged with loss of life 
to nursing sisters and others, and it became 
impossible to operate or for a time to evacu- 
ate. The man succumbed. 
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Sex. In figures culled from air raid casual- 
ties in Great Britain, there is no striking 
difference in incidence between the sexes. 
However in one series of abdominal cases in 
which I have taken particular interest, but 
which is a motley collection, 78 per cent were 
men, 20 per cent women, and 2 per cent chil- 
dren. Nine of 11 of the infants injured in this 
series were girls. 

Age. The youngest victim in this abdominal 
series to survive an intraperitoneal injury due 
to enemy action was aged 3 years; this was a 
subparietal lesion. The next youngest to sur- 
vive were 7,8,and 9 years of age, respectively; 
the mortality in babyhood and early childhood 
is extreme, although a baby of 10 months re- 
covered from a through-and-through wound 
of the abdominal wall, which did not implicate 
the peritoneal cavity. 

The following cases perhaps emphasize the 
horrors of the modern technique of air attack 
introduced by the totalitarian powers: 


A girl of 11 years walked into a hospital, close to 
which she had been injured by a bomb splinter. She 
had a penetrating wound of the abdomen situated 
near the right costal margin and bleeding profusely. 
At operation, no injury to the gut was found, but 
there was a severe tear of the right lobe of the liver 
The tear was partly sutured and also packed. 
Despite every form of treatment the wounded girl 
continued to bleed, and died 24 hours after opera- 
tion. 

The injury from which a little girl of 3 years made 
a recovery was a subparietal lesion and probably in- 
volved an injury to the common bile duct. Her life 
had been despaired of for several days after she had 
been rescued from a house in a row which had been 
completely demolished; she then developed a huge 
collection of bile in the lower part of the belly; this 
was drained and convalescence was then straight- 
forward. 

A girl of 8 years was an in-patient of a hospital for 
an operation for cleft palate. During her stay in 
hospital, the building was badly bombed by Huns, 
and she received a small perforating wound near the 
middle line at the level of the third lumbar vertebra. 
She was hurriedly removed from the damaged 
building to another institution, and two perforations 
in the sigmoid flexure were sutured A _ proximal 
colostomy was performed. Recovery took place. 

A boy of 9 recovered from a frightful left-sided 
abdominothoracic injury in which his stomach was 
protruding from the wound (Alcock). 

The youngest living thing known to be destroyed 
in the maternal womb was a fetus of 6 centimeters! 
A woman was in an air raid shelter which was 
destroyed and was thought to present the clinical 
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picture of a blast injury to the lungs. After 48 
hours, she succumbed, and at the autopsy the clin- 
ical diagnosis was confirmed by the pulmonary 
changes demonstrable. She had also a large retro- 
peritoneal hematoma, especially marked in the per- 
inephric regions; there was an extensive blood infil- 
tration of the mesentery, which had encircled the 
bowel under its serous coat in several annular 
patches. The uterine cavity contained some blood, 
and there was a partial separation of the placenta 
from the uterine wall. The fetus measured 6 centi- 
meters in length, and showed a bruise on its anterior 
abdominal wall—surely the earliest living thing to 
receive a blast injury. 


After 12 years of age, the prognosis seems 
to be less dismal. 


A girl of 12 was running in the open to an air raid 
shelter, when she was struck by a flying piece of 
metal. She had a punctured wound of the left para- 
umbilical region, through which some omentum had 
been extruded. At the operation (Mr. Donald 
Thompson) tears were found in the small bowel and 
transverse colon. The missile was extracted from the 
rent in the large bowel. The gut injuries were treated 
by suture. An uninterrupted recovery took place. 

Phoebe C., 15 years of age, was admitted to hos- 
pital in a state of extreme shock resulting from 
wounds received from bomb splinters. There were 
multiple wounds of the back, and a large laceration 
of the left buttock tracking up between the sacrum 
and ischium and penetrating the abdominal cavity. 
Ten hours elapsed before she could be made fit for 
surgical exploration of the abdomen. She had 7 
perforations of the small gut. A large piece of metal 
was — Recovery took place (Mr. Lloyd’s 
case). 


At the other extreme of life old age, al- 
though naturally increasing risk, does not 
preclude recovery. 


Male, 71 years, received penetrating wound of ab- 
domen; 3 perforations of small bowel; lacerated 
wounds of scalp and left eyelid; abrasions of face, 
scalp, and hands (Mr. Southam’s case). This man, 
despite his years, made a surprisingly smooth con- 
valescence. A plastic operation upon his scalp was 
successfully performed a month later. 

Annie M., aged 73, recovered from a left-sided ab- 
dominothoracic wound; fortunately no abdominal 
viscus was injured. The woman, however had a frac- 
ture of the fourth rib on the left side; and there were 
lacerations of the right forearm, right breast, and 
left elbow. 


Abdominal injuries of “‘total war’’ and preg- 
nancy. It is a ghastly commentary on Nazi 
Kultur that their deeds should have made the 
record of the following cases possible: 

E. S., 20, unmarried, 4 months pregnant, received 
a bomb injury of the abdomen. Two severe lacera- 
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tions of right arm were excised and treated by local 
chemotherapy; there was also a wound in the right 
iliac fossa. A glass splinter 3 inches by 1 inch was 
found lying loose on the cecum; no internal organ 
was damaged. The abdomen was closed without 
drainage. It was “just too bad” that the patient 
did not miscarry (Major Rodney Smith’s case). 

A married woman 5 months pregnant was injured 
by the explosion of a bomb in close proximity, but 
never attained a condition permitting operation. 
The fragment had entered the left labium majus, 
fractured the left ascending ramus of the pubis, 
driving a fragment of bone into the bladder; the 
missile then traversed the pregnant uterus, contused 
the cecum, and was finally arrested in the right sacro- 
iliac articulation. Her daughter, aged 7 years, 
simultaneously received a right-sided abdomino- 
thoracic wound implicating lung, diaphragm, and 
liver; the girl recovered. 

A woman of 21 years, 8 months pregnant, was 
admitted to Hospital with a bomb splinter wound of 
the left side of the abdomen, through which part of 
the omentum was protruding. Shock was profound. 
At operation (Mr. G. H. Baines’ case), several per- 
forations of the small intestine were sutured; con- 
siderable intraperitoneal hemorrhage was present. 
In view of the patient’s desperate condition the 
abdomen was closed with through-and-through su- 
tures as hastily as possible. Stillbirth took place the 
following day. For the first week following operation 
the pulse ranged round 120; the abdomen was greatly 
distended. On the tenth day the patient had a pul- 
monary embolism. After this, convalescence was 
smoother, although protracted, and she was finally 
discharged from hospital on the seventieth day. 

A woman, 9 months pregnant, was admitted to 
hospital with multiple injuries which resulted from a 
bomb explosion. The left buttock was completely 
destroyed; a piece of omentum was hanging out of a 
wound in the belly wall. The patient died without 
operation. 

A woman of about 35 years, 9 months pregnant, 
was admitted to hospital gravely ill, with a severe 
fracture of the skull from which brain matter pro- 
truded. Shock was extreme; the fetal heart sounds 
were still audible. It was apparent that the patient 
was going to die, and the question of cesarean section 
was mooted. The prospective father and every 
member of the family had been killed by the same 
“incident,” and no operation was performed. 


Abdominal injury due to enemy action during 
parturition. Enemy air raid activity may not 
only produce abdominal injury in the par- 
turient woman, but naturally injuries in other 
parts of the body may be produced. 

The good fortune, so far as loss of life is 
concerned, of the well known historical ma- 
ternity hospitals in London has been remark- 
able. All have suffered as a result of enemy 
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action, but no patient has actually been killed 
within their walls. In another institution the 
abdominal wall of a patient was ruptured dur- 
ing labor pains, as the result of “blast.” 


Alice G., aged 36 years, 9 months pregnant multi- 
para, was in the maternity department of a hospital. 
She complained of labor pains one afternoon, and by 
evening the pains were strong and frequent. During 
a severe air raid at night, when several flares lit up 
the building, she got out of bed and walked along the 
corridor. At this moment a heavy bomb fell in the 
hospital grounds about 150 yards from the maternity 
ward, and all the windows and most of the ceilings 
in that portion of the hospital were damaged. 

The patient collapsed, and examination revealed a 
loop of transverse colon protruding from a rent in 
the upper abdomen. This wound was vertical, 4 
inches long, and situated over the outer border of 
the right rectus; the edges were clean cut and blood- 
less; the bowel was not perforated. There was no 
evidence of her nightgown having been torn by 
bomb splinters or glass. A forceps delivery was per- 
formed 3 hours after the incident, and a stillborn 
female child was obtained; the extruded bowel was 
then replaced. Despite every form of resuscitation 
the patient died 2 hours later. 


Nature of projectile producing injuries. In 
discussing the nature of the projectiles, it has 
already been emphasized that many of the 
injuries received from air bombardment are 
subparietal or nonpenetrating in character. 
In the majority of the series of abdominal 
cases which were selected for special study, a 
fragment of bombcasing has been the projec- 
tile. Certainly in no abdominal case has a 
large retained fragment of metal been en- 
countered; the largest retained fragment in a 
patient who recovered was the size of a wal- 
nut. In a number of cases the injuries have 
been produced by bullets: on the whole, these 
have done well. The increased use of the in- 
cendiary bullet adds to destruction and 
necrosis of tissue produced by burning; in the 
case of the intestine this may demand resec- 
tion, where suture would otherwise have 
sufficed. The recovery rate of those injured 
by the revolver bullet is flattering to the 
surgeon. 

The destructive effects of flying glass in 
air bombardments are nowadays familiar to 
most surgeons. It suffices merely to mention 
the tragic facial disfigurements in women, the 
damage or loss of eyes; while in the abdomen 
coils of intestine may be cut to pieces within 
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the belly, or may hang out of dreadful gashes 
in the chest or abdominal wall. A man ad- 
mitted to hospital wounded by a long spicule 
of plate glass had the hepatic flexure of the 
colon and a coil of small gut completely 
divided; his right kidney was cut in sunder, 
and the continuity of the renal vessels at the 
hilum; the man died despite operation. 

Small puncture wounds produced by glass 
may betray catastrophic lesions within. A 
blood stain on a woman’s night dress revealed 
a small punctured wound in the epigastrium. 
On wiping away a clot which had temporarily 
sealed the small wound, a column of blood a 
foot high spurted upward. A splinter of glass 
of the size of the index finger was withdrawn 
from the liver. The patient succumbed. 

Sometimes visceral injury produced by 
glass is less severe, and lesions of the bowel 
have been successfully treated by surgery. 
Sometimes, there may even be peritoneal 
penetration, without visceral damage. 

A patient may be wounded by glass and 
bomb splinter; for example, a man had 
numerous punctured wounds all over the 
body due to glass; one tiny puncture was 
situated just below the left costal margin. 
There was no shock, but lower abdominal 
pain and infinite tenderness below the um- 
bilicus. 


Operation was performed by Mr. Meyrick Thomas 
and Mr. Desmond Cooper. After excision of the 
wound, when the track was followed inward, it appear- 
ed definitely to end at the level of the external oblique 
aponeurosis. However, when this was incised the 
track was found to pass through the internal ob- 
lique and transversalis, and a tiny puncture wound 
in the peritoneum. The peritoneal cavity contained a 
quantity of blood; small wounds in the anterior 
and posterior walls of the stomach were sutured; 
a small retroperitoneal hematoma was found, and 
a spurting artery in the position of the coronary 
artery where it was just leaving the posterior ab- 
dominal wall to enter the lesser omentum. Subse- 
quent x-ray examination showed a small dense frag- 
ment low down at the level of the lumbosacral 
junction. Recovery took place. 

A man received a double injury under unusual cir- 
cumstances. When milking a cow, he was hit in the 
upper part of the buttock by a bomb splinter and 
gored in the thigh by the animal! He was found to have 
two perforations of the small bowel, which were su- 
tured; the cecum was ‘‘grooved,” but not perforated. 
There was a wound of the right anterolateral surface 
of the bladder, and the fragment was found in the 
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vesical cavity. The thigh wound inflicted by the cow 
was very extensive. The man made a good recovery 
(Mr. M. D. Shepherd’s case). 


In addition to glass fragments, débris, 
stones, and mud, other foreign bodies may be 
met along with bomb fragments. 

A man standing in the street received abdominal 
injuries from a bomb splinter; the wound of entry 
was situated under the left costal margin, the wound 
of exit in the lumbar region to the left of the spine. 
Operation revealed a complete severance of the 
transverse colon; a bomb splinter and 2 pennies (!) 
were removed from the track. Unfortunately, the 
man died. 

Viscera may be damaged by in-driven bone 
fragments, although the missile itself does not 
penetrate the peritoneal cavity. This has 
happened especially with fractures of the in- 
nominate bone, sacrum, ribs, etc. 

Hollow viscera have been punctured by 
metal fragments which have not penetrated 
the peritoneal cavity. Cases of bowel injury 
by indirect violence were reported by Owen 
Richards, Sir John Fraser, and others in the 
last great war. One such case had both recti 
abdominis almost completely divided by a 
through-and-through wound, which was ex- 
plored and the peritoneum was found intact. 
Nevertheless, the man succumbed and 3 
lacerations in the small intestine were present; 
the injured piece of bowel lay immediately 
underneath the wound of the abdominal 
parietes. Similar cases have been met with 
in this war, for example: 

E. N., female, aged 43 years, was admitted to 
hospital half an hour after being wounded by a high 
explosive bomb. On admission, shock was found to 
be only mild; there was a deep laceration of the right 
groin just below Poupart’s ligament, which appeared 
to involve the tissues behind the ligament and also 
the extraperitoneal structures of the right iliac fossa. 
There was no wound of the abdominal wall itself, 
and no evidence at first of any intra-abdominal lesion. 
Three hours later, tenderness and rigidity had devel- 
oped on the right side of the abdomen, and a laparot- 
omy was now clearly indicated. At operation (Mr. 
Wass) it was definitely established that no com- 
munication existed between the wound in the groin 
and the celomic cavity. Nevertheless, 3 perforations 
of the lower ileum were found to be present. 


There are only two bayonet wounds in this 
series. 

An enemy agent, during the Dunkirk evacuation, 
was bayonetted through the right lower chest in the 


““black-out.”’ There was a lacerated wound of entry 
over the ninth right rib, which was fractured; the 
wound of exit was situated in the right hypochon- 
drium anteriorly. There was considerable abdominal 
tenderness, but apart from the excision of the 
wounds of entry and exit, the man was treated on 
conservative lines; he recovered (Major A. S. Till’s 
case). 

F. P. (Mr. J. S. Horn’s case), aged 24 years, a 
soldier, was sent to hospital with the history that he 
had fallen on his bayonet while at practice. The bay- 
onet had been removed from the left ischiorectal 
fossa where it had entered, and a stitch had been put 
in the skin as the bleeding had been profuse. There 
was a small exit wound in the left subcostal region. 
He was very shocked and given a pint of citrated 
plasma, followed by a drip transfusion which was 
continued during the operation. At laparotomy the 
spleen and left kidney were found to be uninjured, 
but there was a small hole leading from the peri 
toneal cavity into the base of the bladder. The blad- 
der was therefore opened, and an attempt was made 
to suture it, after which both the bladder and the 
peritoneal cavity were closed with drainage. The 
wound in the buttock was sprayed with sulfanila- 
mide powder and drained, as was also the wound in 
the side. After a somewhat stormy convalescence, 
he recovered. 


Immunity of viscera in penetrating injuries 
of the abdomen. The occasional immunity of 
viscera in penetrating wounds of the abdomen 
first suggested in the South African War, con- 
firmed in the last great war, has again been 
re-established. 

Spontaneous recovery from indubitable 
wounds of the hollow viscera which was dem- 
onstrated by Makins, Cuthbert Wallace, 
Green-Armytage, Gordon Bell among British 
surgeons in the last great war has been con- 
firmed by the experience of today. 

The buttock wound. In 59.6 per cent of 
penetrating wounds of the belly, the wound 
of entry is anterior. In 40.4 per cent, the 
wound of entry is on the posterior aspect of 
the body. In half of these (20 per cent of total) 
the wound is in the buttock. The dangers of 
overlooking the buttock wound were stressed 
in the last war; the great frequency with which 
this constitutes the portal to the peritoneum 
emphasizes the necessity of completely strip- 
ping the patient and the most thorough ex- 
amination of the whole body. 


J. S. (Mr. Greening’s case), aged 23 years, ‘‘dan- 
seuse,”’ had been treated intermittently for syphilis 
since 1937. In the beginning of 1941, her Wassermann 
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was ++, and she was under treatment when she was 
wounded by a fragment of bomb. The patient, in addi- 
tion tointravenous injections, had also received a very 
large number of injections of bismuth in the buttocks. 
On January 11, 1941, it was the left buttock that the 
missile entered, passing upward and across the ab- 
domen to the right iliac fossa. She made a satisfac- 
tory.recovery from an operation which comprised a 
resection of 6 inches of ileum and the suture of two 
other perforations of this portion of bowel, as well 
as the suture of a wound in the bladder. Her courage 
and pluck were such as to stimulate her to return to 
the “‘West End of London” 4 weeks after her opera- 
tion. She had discharged herself from hospital 
against surgical advice. Subsequently, she required 
treatment for the removal of sequestra from the 
innominate bone, and for an infection of her bladder 
with Bacillus coli and Bacillus pyocyaneus. 

Direction of missile track. Wounds which 
track across the abdomen from side to side 
enjoy a more sinister reputation than those 
whose direction is anteroposterior. 

The case of a very successful result is re- 
corded as follows: 

A member of the Home Guard (Mr. F. H. Bent- 
ley’s case) was accidentally shot through the abdo- 
men by a rifle bullet, sustaining 13 perforations in 
small intestine. The abdomen was opened 4 hours 
after the injury, and after the intravenous adminis- 
tration of 2 pints of blood, and was found to be 
completely filled with blood. The bullet had splin- 
tered the ilium and was lodged in the left iliacus; 
the hemorrhage had largely proceeded from the lac- 
eration of the pelvic mesocolon. The continuity of 
the small bowel after resection of 4 feet of damaged 
jejunoileum was effected by an end-to-end junction. 
An uninterrupted recovery ensued. 

The vertical wound track had also a bad rep- 
utation in the last war; many specimens in 
the former collection at the Royal College of 
Surgeons illustrated the truth of this statement. 

A case with a successful outcome occurs in 
this present series: 

_\ woman, Ethel K., received a penetrating wound 
of the left buttock. An x-ray film showed the pres- 
ence of the fragment high up under the cupola of the 
diaphragm. There was a quantity of blood in the 
celom, and there was much retroperitoneal bruising, 
and hemorrhage in the left iliac fossa. Two perfora- 
tions of the jejunum were sutured. The patient made 
a good recovery. 

The large wound involving one of the cavities 
of the body is nearly always fatal; the man with 
a large wound of the abdomen or a wide loss 
of the abdominal wall seldom recovers. 

A patient was admitted to hospital with an ex- 
tensive abdominothoracic injury, including a large 


TOTAL WAR 383 


perforating wound, 8 by 4 inches in the left lower 
chest and left hypochondrium, associated with a 
pneumohemothorax, a lacerated diaphragm, and a 
perforation of the splenic flexure of the colon; he 
lived 5 days after operation, dying of pneumonia. 
The lower 6 ribs were fractured on the left side, and 
the fractures were implicated in the huge wound. 
There was also a second wound of the thoracic wall 
3 by 3 inches which involved only skin and muscle. 
The capsule of a sclerotic spleen was torn, but had 
not occasioned hemorrhage; no treatment for this 
was needed. The torn diaphragm was sutured to the 
parietes with improvement in respiration and general 
condition. The dimensions of the wound and loss of 
tissue precluded its complete closure. 

A man admitted to hospital after injury from a 
bomb had the anterior abdominal wall, including the 
peritoneum, completely torn away. Numerous pieces 
of rubble of varying size covered the presenting 
intestinal coils. There was a complete rupture of the 
transverse colon and several perforations of the 
jejunoileum. Mr. Desmond Cooper, working at top 
speed, brought the two ends of the damaged colon 
to the surface, sutured the perforations of the small 
gut and made a gallant attempt to close as much as 
possible of the anterior abdominal hiatus. Despite 
the fact that the operation was completed in 15 
minutes and all the resources of transfusion therapy 
employed, the patient succumbed. 


This dismal story might be told and re-told 
almost indefinitely; nevertheless, some won- 
derful recoveries have taken place and con- 
stitute veritable triumphs of surgical skill. 

Mr. Arnold Alcock’s case is perhaps spe- 
cially remarkable, inasmuch as the boy was 
only g years of age: 


A boy of 9 years was admitted to hospital with a 
large wound 8 inches long in the lower part of the 
left thorax; fifth, sixth, seventh, eighth, and ninth 
ribs were splintered, and there was a tear in the 
diaphragm 4 inches long. From this traumatic 
chasm the stomach protruded; there was a small 
puncture wound on the lesser curvature which was 
fortunately not large enough to permit the contents 
of the replete viscus to flood the thoracic and ab- 
dominal cavities. There were also several incomplete 
tears of the gastric wall, produced by the fractured 
ribs. The lung appeared undamaged. The perfora- 
tion in the stomach was enlarged, and a mass of un- 
digested vegetables emptied from its cavity; the 
gastric wound was sutured. After a thorough exci- 
sion of the wound, the diaphragm was sutured, and 
the thoracic wall closed; a Malecot catheter was in- 
troduced into the pleura through a separate incision 
posteriorly. After an anxious week, thé patient's 
progress was maintained and he made a good recov- 
ery. 

A seaman (Mr. John A. McLauchlan’s case), of 40 
years of age was admitted to hospital for injuries due 
to a bomb fragment. There was a large wound, 8 
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inches long, over the eighth, ninth, and tenth ribs on 
the right side just above the costal margin. The 
seventh to eleventh ribs inclusive were fractured and 
stove-in. The pleural cavity was opened, ‘the dia- 
phragm torn, the upper surface of the liver lacerated, 
and the upper pole of the right kidney punctured. 
The wound was excised, the liver sutured, diaphragm 
repacked. The jagged and comminuted ends of the 
broken ribs were removed, and the diaphragm was 
attached to the thoracic wall above the rent. The 
chest was closed in layers. Recovery took place. 


Nonpenetrating or subparietal abdominal in- 
juries. Careful postmortem investigation dis- 
proves the belief that fatal casualties without 
external wound are frequently abdominal in- 
juries. In only about to per cent of all fatal 
casualties in one series of cases could death 
be attributed to an abdominal lesion; a pri- 
mary blast effect could only be impugned as 
the causal mechanism in a tiny fraction of 
these. Most of the abdominal lesions among 
these fatal cases were caused by collapse of 
buildings, and crushing injuries; or by blows 
upon the belly by flying missiles or portions 
of collapsing buildings. Injury to the spleen 
was the most frequent form of visceral dam- 
age to occasion a fatal issue; but the liver, 
kidney, duodenum, and small bowel were also 
damaged in mortal injuries, and in 1 case 
hemorrhage from the uterine vessels caused a 
fatal hemoperitoneum. 

In casualties due to air bombardment of 
cities, many of the injuries are not the primary 
effects of the explosion, i.e., are not produced 
by splinters or the direct impact of a blast 
wave. Perhaps most casualties are due to the 
secondary and tertiary effects of the bomb 
detonation. 

Those effects are said to be secondary 
when injuries are due to the patient being 
bowled over by the blast wave or as a result 
of a splinter wound and thus injuring himself 
(Zuckerman). Tertiary effects are due to the 
impact of dislodged masonry, fragments of 
wood, or other missiles, the collapse of shel- 
ters, houses, etc. Quaternary effects may also 
be encountered, in which injury or death is 
due to asphyxia following burial under débris, 
carbon monoxide poisoning, etc. 

The réle played by blast in determining fatal 
abdominal casualties is certainly not a large one. 

The following cases illustrate the various 
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causal mechanisms operating in cases of sub- 
parietal abdominal injury met with in this 
war. 


A patient, a woman of 43 years, was blown by 
blast across a room against a steel partition; the 
building then collapsed on her, crushing her shoul- 
der down into a crouching position. Release was ef- 
fected in about half an hour after the “‘incident.’’ 
Contusion of the lung, possibly due to blast, was 
diagnosed. In view of the thoracic condition, the 
abdomen was most wisely opened under local anes- 
thesia. The pelvic hematoma was found to have 
stripped the peritoneum half way up the abdomen. 
The anterior wall of the bladder was greatly bruised; 
suprapubic drainage was instituted; pure blood had 
previously been obtained on catheterization. Con- 
valescence was complicated by consolidation of the 
left lung, paralytic ileus, and by temporary insanity. 
Ultimately, recovery was complete (Miss Louden’s 
case). 

The abdomen of another patient has been severely 
contused by flying bricks from a direct hit by a bomb 
on a street air raid shelter; one man had 2 perfora- 
tions of the jejunum, which were successfully sutur- 
ed; a hematoma of the mesentery was also evacuated. 

Under similar circumstances, a woman had an 
ovarian cyst ruptured; 4 pints of blood-stained fluid 
were evacuated from the abdominal cavity and the 
sac of the torn tumor was removed. Recovery took 
place. 

The collapse of the roof of a house which had re- 
ceived a direct hit produced a complete division of 
the jejunum in a man of 62, who recovered after an 
end-to-end suture of the bowel. 

A crush injury due to collapse of a wall produced a 
separation of the pubic bones at the symphysis, and 
a fracture of the ilium posteriorly, but had also torn 
the mesentery of the terminal small gut; the laceration 
was transverse, and two arteries were still spurting at 
the time of operation; the bowel was viable. The 
man made a good recovery. 

Winifred C., aged 28 years, was admitted to hos- 
pital for injuries sustained when her house collapsed 
upon her, and a piece of concrete fell across her 
abdomen. Her injuries included multiple abrasions 
on the face, 3 deep wounds of the scalp extending 
down to the bone, a deep wound of the medial aspect 
of the left knee which did not implicate the joint, 
and a wound over the left olecranon. An indefinite 
resistance was found in the right iliac fossa, some 
tenderness in the epigastrium was complained of, 
and resistance was demonstrable in that area. A 
pseudopancreatic cyst finally developed in the left 
portion of the lesser peritoneal sac; an extensive 
retroperitoneal extravasation was found which had 
mainly spread towards the left and downward along 
the descending colon. The cyst was successfully 
drained. 


Other nonpenetrating abdominal injuries 
have been received as a result of the detona- 
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tion of mines at sea; the exact mechanism has 
not always been evident; in some cases decks 
have actually fallen in and exerted a crushing 
effect. 


“ 


A man was admitted from a “mined” ship; the 
galley in which he worked caved in upon him. In 
addition to burns of both hands, he had a diastasis of 
the symphysis pubis, and a fracture of ascending and 
descending pubic rami. A small extraperitoneal rup- 
ture of the bladder was present, and there was urin- 
ary extravasation into the Cave of Retzius. Post- 
operative ileus complicated his convalescence, but he 
ultimately made a good recovery (Mr. W. E. C. 
Wynne’s case). 

Another man admitted from a mined ship had a 
fracture dislocation of the knee and evidence of ab- 
dominal injury. He had been in the water some time 
before being picked up. There was gross bruising of 
the transverse mesocolon, and also numerous pete- 
chiae on the bowel wall. The right kidney was con- 
tused. The limb required amputation, but the man 
recovered (Mr. W. E. C. Wynne’s case). 


Some abdominal injuries have definitely 
appeared to have been caused by blast. Mr. 
D. H. Patey had 1 case, in which a man 
running away from a bomb was exposed to 
the blast wave. There was no sign of any 
external injury and no history of any blow 
from any fragment of timber or masonry. 
His mesocolon was torn in the vicinity of the 
splenic flexure of the colon with resultant 
hemorrhage. 

Another case was that of an intramural 
thrombosis of the blood vessels of the right 
side of colon. (Mr. Blacon Yates’ case.) 


P. H., male, aged 38 years, was admitted to hos- 
pital in a state of extreme shock; he had been in 
close proximity to a detonating bomb, although the 
exact distance which separated him from the missile 
was never actually determined. Abdominal pain was 
not marked; 1,000 cubic centimeters of plasma was 
first administered by drip transfusion, then a pint of 
blood, followed by 600 cubic centimeters of 5 per 
cent glucose saline. His general condition slowly 
improved; 24 hours after admission the abdominal 
pain became more severe, especially on the left side 
of the abdomen. At 30 hours, clinical evidence of dif- 
fuse peritonitis was apparent, and laparotomy was 
performed. The only visceral lesion discovered was 
gangrene of the anterior surface of the cecum and 
proximal 2 inches of the ascending colon. The con- 
dition appeared to be due to intramural thrombosis 
of the vessels of the bowel wall; the vessels of the 
mesentery were quite normal. 

W. J. L., under the care of Mr. H. Donovan, suc- 
cumbed from subparietal injury; this case definitely 
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appears to be one of blast injury to the abdomen. 
The thoracic pathological findings confirmed the na- 
ture of the causative mechanism; the liver showed 
intrahepatic tears and hemorrhage, and a large sub- 
capsular hematoma. The right suprarenal also con- 
tained a hematoma. The inferior pole of the cecum 
contained a small hematoma; the ascending and 
transverse colon exhibited marked bruising. There 
was a tear in the seromuscular tunics of the trans- 
verse colon. 

In Mr. Hamilton Barclay’s case, a man was in 
the open when a high explosive bomb detonated in 
close proximity to him. He had not been struck by 
any fragment, nor fallen on his belly. There was a 
large hematoma of the great omentum, and a cer- 
tain degree of hemoperitoneum. An extensive retro- 
peritoneal hematoma was present, and a horizontal 
rupture of the abdominal wall, the tear extending 
from the peritoneum through the muscular wall of 
the parietes to the skin, which was intact. 


In respect to injuries due to blast, it must 
be remembered that “blast injury of the 
lungs” by reason of the abdominal pain pro- 
duced may suggest the diagnosis of an ab- 
dominal lesion. Some of these patients have 
rigid abdominal walls; possibly the pain and 
rigidity may be caused by hemorrhage in the 
thoracic intercostal spaces. 

X-ray examination of the chest should 
enable a diagnosis to be made of pulmonary 
concussion, and the physical signs in the 
chest, especially the bulging of the chest 
wall, should prevent an unnecessary laparot- 
omy. 

Nonpenetrating or subparietal injuries of 
the abdominal viscera may occur under cir- 
cumstances less directly connected with the 
destructive mechanisms and missiles of total 
warfare. The “black-out”’ is a fruitful source 
of such mishaps, their name is legion and 
their variety infinite. 

The subject of “Immersion Blast’ is being 
dealt with by Surgeon-Commander Rex 
Williams R.N. in his Hunterian Lecture in 
1942, and also by the writer in his Bradshaw 
Lecture for 1942. 

Lesions of the stomach in “total” warfare. 
This war has added little to our knowledge of 
penetrating wounds of the stomach. Opera- 
tions for wounds of the stomach have given 
a recovery rate of 60 per cent in this series 
from the present war; this is a marked ad- 
vance from 36.3 per cent in the last war 
(Cuthbert Wallace). Wounds are of infinite 
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variety, depending on the size, shape, and 
velocity of the missile, the direction of its 
flight, the state of the stomach in respect to 
repletion or vacuity, etc. In some cases, the 
wounds have been wide and gaping; in a 
wounded man coming under the care of Mr. 
Blacow Yates the wound in the stomach was 
4 inches long, and the mucous membrane was 
extensively everted; in another patient, oper- 
ated upon by Surgeon Lieutenant-Comman- 
der B. C. Murless, R.N.V.R., the gastric rent 
extended from the esophageal opening to the 
greater curvature. In a successful case of Mr. 
J. Scholefield, the stomach wound was 3 
inches long. 

Eversion of the inner tunics of the stomach 
wall was said in the last war to be most 
marked at the curvatures and in wounds of 
considerable dimensions. In the present series 
of cases under review no mention is made of 
the “‘note of exclamation” wound, to which 
Sir Cuthbert Wallace drew attention. In 
several of the recent cases, severe hemorrhage 
has taken place into the celomic cavity. 

There is one condition of the stomach 
which has impressed by the striking fre- 
quency of its occurrence in this war—acutle 
dilatation of the stomach. Not only has this 
phenomenon been a concomitant of pene- 
trating injury of the abdomen, but it has also 
proved an undesirable and sometimes in- 
tractable sequel of operations undertaken to 
repair the damage inflicted by the detonation 
of bombs from enemy aircraft. 


H. H., male, aged 35 years, was injured by bomb 
fragments; there were multiple flesh wounds of left 
thigh, buttocks, and epigastrium. An exploratory 
laparotomy revealed no visceral injury; the patient 
had to be prematurely evacuated to a base hospital, 
where he arrived very ill and shocked and was found 
to be suffering from acute dilatation of the stomach. 
This was relieved by continuous suction drainage; 
intravenous infusion promoted a satisfactory con- 
valescence. 

A girl of 17 was in the kitchen of a house which 
received a direct hit from a bomb; the house came 
down on top of her father (who died shortly after 
admission to Hospital), her mother and two day old 
baby (who both recovered) and herself. She was 


moderately shocked; extensive bruising of the pubic 
region and chest was present. Radiography showed 
fractures of the ischium and pubes on the right 
side and of both rami of the pubis on the left side. 
The radiologist commented upon the condition of 


SURGERY, GYNECOLOGY AND OBSTETRICS 


acute dilatation of the stomach. At operation, an 
extraperitoneal rupture of the urinary bladder was 
found. Despite suction drainage of the stomach, the 
gastric condition never ameliorated, and she suc- 
cumbed 96 hours after operation. 


Surgeon-Commander Rex Williams, R.N., 
in private communication, mentions a case of 
penetrating wound of the abdomen that died 
on the sixth day from acute dilatation of the 
stomach, despite every effort to control the 
complication. 

Acute dilatation of the stomach may super- 
vene at a still later date after wounding, may 
defy all treatment, and may determine a 
fatal ending. 


A patient was admitted to hospital for injuries 
from a bomb explosion occurring a few minutes be- 
fore. Shock was profound; the patient was very 
pale, cold, clammy, apathetic, but not restless. 
There was a gross compound fracture of the upper 
third of the left femur, and there were ‘“‘sucking”’ 
entry and exit wounds of the right chest. After a 
period of resuscitation lasting 4 hours, during which 
4% pints of blood were administered, the patient’s 
injuries were dealt with simultaneously by two 
surgeons. Mr. Kilpatrick performed a débridement 
of the thigh wound, and the limb was placed on a 
Thomas’s splint with skeletal traction. The abdom 
inothoracic injury was admirably treated by Mr. 
Wass. There was no wound of the lung, but a wound 
in the diaphragm and liver. He was evacuated to a 
base hospital 9 days after his injury. Six days after 
his admission to base hospital he became very ill: 
temperature, 100 degrees; pulse, 120-130; the chest 
condition was considered satisfactory. He had been 
vomiting bile stained material for the previous 2 
days, but there was no clinical evidence of a dilated 
stomach. A stomach tube was introduced and left 
in situ; despite this, vomiting persisted, and he died 
16 days after he was wounded. The postmortem re- 
vealed the presence of an acute dilatation of th 
stomach; a few cubic centimeters of blood were 
present between the liver and diaphragm. The chest 
wound was healed, and the state of lungs and pleura 
was considered satisfactory. 


Mr. N. R. Barrett and Mr. Price-Thomas 
have drawn by attention to the sudden acute 
dilatation of the stomach which frequently takes 
place in contusions of the chest. 

Perforation of peptic ulcer. The circum- 
stances under which perforation of a peptic 
ulcer may occur and operation be undertaken 
for its repair may invest a mundane occur- 
rence and a banal surgical procedure with a 
dramatic color. 
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GORDON-TAYLOR: 


Several ulcers are known to have perforated 
during air raids on the country and several 
have been operated upon during the “blitz”: 


A male patient, T. D., perforated a duodenal ulcer 
during progress of an air raid on Merseyside and was 
removed to Hospital; operation for its repair was in 
progress,when the hospital got a direct hit, putting the 
operating theater department completely out of ac- 
tion. The laparotomy wound was temporarily closed, 
the patient removed to another institution, where 
the operation was completed by the resident surgical 
officer; the man recovered. 

Another patient was being operated upon for a 
perforated duodenal ulcer when the detonation of a 
mine in close proximity brought the roof of the thea- 
ter with superjacent sandbags down upon patient 
and those engaged in the operative relief of his con- 
dition. The emergency lighting system fortunately 
proved itself worthy of its name, and the operation 
could be continued. The débris, glass, dust, and sand 
were assiduously removed from the abdominal cav- 
ity; the perforation was sutured. The man made a 
good recovery, his only complaint being of ‘‘the dust 
in his eyes.” 

A rear-gunner in a Blenheim bomber perforated a 
duodenal ulcer over Dunkirk; he thought that he 
had been wounded by ‘‘ Flak.’’! On the return of the 
aircraft he was admitted to hospital as a casualty 
from enemy action; no wound was discoverable. The 
real condition was then diagnosed, and the patient 
successfully operated upon by Group Captain Stan- 
ford Cade. 


I have knowledge of at least 3 ulcers which 
perforated during the “Dunkirk miracle,” in 
which recovery took place. The number of 
loyal stout-hearted men who, weary though 
they were, contributed in diverse fashions to 
the ultimate recovery of their comrades can- 
not have been inconsiderable. 

Intestinal injuries. The recovery rate of 
intestinal injuries due to enemy action which 
are operable has surprised me. Of the pa- 
tients with small bowel lesions 47 per cent 
have recovered; and 4o per cent of those with 
large gut lacerations. Suture carries a lower 
mortality than resection for wounds of the 
small intestine and should be preferred when- 
ever possible. This doctrine, as the perusal of 
case records clearly demonstrates, is firmly in- 
culcated in the minds of British surgeons; in 
the Spanish War operators seemed disposed to 
resect when the ileum was the segment of 
bowel damaged and to suture when the 
jejunum was involved. The type of resection 


'A fragment of anti-aircraft shell. 
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and anastomosis employed is a matter of in- 
dividual choice and experience, and is not a 
fashion which varies from war to war. My 
predilection led me to use end-to-end suture 
in the last war in every intestinal injury in 
which bowel resection was indicated. 

The specter of the “dangerous mesenteric 
angle” was permanently robbed of its terrors 
in the light of the experience of the last war, 
since no case was found to demonstrate that 
fatal peritonitis was ever due to leakage at that 
angle. Peritonitis was invariably due to in- 
fection introduced with the missile at the time 
of wounding or subsequently from the injured 
gastrointestinal tract, especially the large gut, 
and was in no way causally related to the 
technique of bowel anastomosis. Lengthy re- 
sections of small intestine imply severe and 
widespread wounding; the ablation of short 
segments of gut is therefore more promising. 
Nevertheless, the removal of 6 feet of small 
intestine and the cobbling of other injuries 
proved successful in the last war (Owen 
Richards, Gordon Bell, Gordon-Taylor); in 
this war Surgeon Commander T. N. D’Arcy, 
R.N., saved a 6-foot resection of small bowel 
severely damaged and burned by a phos- 
phorus bullet; F.H. Bentley, a 4-foot resection. 

I have sometimes been credited with the 
advocacy of resection as opposed to suture in 
cases of injuries to the colon produced by enemy 
action. This is far removed from the truth. 
There can be no doubt about the place of suture 
in most intraperitoneal colon wounds, and also 
about the indication for suture in conjunction 
with efficient drainage of the neighboring area 
in many extraperitoneal injuries when this 
technique offers a reasonable prospect of suc- 
cess; suture, local chemotherapy, and drainage 
of the damaged area may be combined with 
proximal colostomy in cases in which grave 
infection is feared. 

Colostomy sometimes proved valuable in 
the last great war as a prophylactic measure 
against infection of the lethal retroperitoneal 
tissues; if this operation is performed, it should 
be practiced early, before infection has secured 
a firm hold of the region. Sulfonamide therapy, 
local and oral, has already proved a valuable 
adjuvant to surgery for patients with damaged 
large intestine, and its routine use prophylac- 
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tically is to be recommended. I foresee nothing 
likely to alter the indications for resection of 
the injured colon which I have ventured to 
promulgate on more than one occasion: (a) the 
cecum or colon is in a state of infarction; (b) 
there is extensive separation of the bowel from 
its mesocolon or vascular supply, especially if 
the mesocolon is also the site of a hematoma or 
is actively bleeding; (c) the vitality of the 
bowel is extinguished by a large piece of metal 
or other fragment hurled with the cyclopean 
force of modern high explosive; (d) the wound 
of the large intestine is of such magnitude, or 
the surgical approach to the part of the colon 
damaged is associated with such difficulty, as 
to suggest the formation of an artificial anus 
as a surgical pis aller. 

I only know of two successful exteriorization 
operations for injuries of the large bowel in 
this war. 

In the traumatic colonic lesions of war it is 
preferable to complete the resection quickly by 
the form of anastomosis with which the oper- 
ator is most familiar. The addition of a pro- 
phylactic or of a temporary intraperitoneal 
colostomy is a useful and perhaps life-saving 
expedient. 

Multiple resections of bowel. Multiple resec- 
tions of bowel were often successfully per- 
formed by surgeons before the last war for 
various pathological conditions unconnected 
with traumatism. During the war of 1914-1918 
plurisegmental resections for injury aroused 
grave forebodings in the minds of operators, 
and various recommendations were made in 
order to obviate the necessity of removing 
more than one length of damaged intestine. 
Nevertheless, I had 11 successful cases of dou- 
ble resection, which represented a 50 per cent 
recovery rate in the patients submitted to this 
operation at my hands. No case of a success- 
ful triple resection for gunshot injury of the 
bowel was known to me in the last war, al- 
though W. A. Campbell had a triple resection 
with death from a chest complication when 
success appeared to be within his grasp. 
During the last 25 years successful multiple 
resections of intestine are of almost everyday 
occurrence, and I myself have had numberless 
cases of double and even of triple ablations. 
I recall the case of 1 patient who actually sur- 


SURGERY, GYNECOLOGY AND OBSTETRICS 


vived the removal of 7 segments of bowel for 
a complex and complicated carcinoma of the 
colon! 

During the present War, Meyrick Thomas 
has brilliantly and successfully performed a 
quadruple resection of small intestine damaged 
by a “‘tommy-gun”’ at close range: 

T. L. was shot in the abdomen at short range, 
about 2% hours previous to admission to hospital. 
There was a small wound of entry about 1 inch below 
the umbilicus, with about 2 inches of bleeding omen- 
tum protruding. At operation, apart from several 
simple sutures of damaged gut, 4 resections of shred- 
ded length of ileum about 1 to 2 inches long were 
found necessary; end-to-end union was employed in 
each case. The distance separating the various 
anastomoses varied from 12 to 18 inches. Four 
wounds of the bladder were found, but the condition 
of the patient did not permit of anything more than 
a temporary suprapubic drain. He made a good 
recovery. 

Protrusion of the abdominal viscera. Prolapse 
of the omentum has a diagnostic rather than a 
prognostic value; the prognosis depends upon 
the associated visceral damage rather than 
upon the fact of damage or extrusion of the 
omentum itself. 

Hernia of the bowel resulting from enemy 
action varies from complete evisceration to the 
protrusion of one or two segments of intestine. 
Over 20 years ago cases with extrusion of gut 
were accounted ‘‘bad surgical risks’’; never- 
theless, Owen Richards’ successful pioneer 
operation was performed upon a soldier with 
extruded and damaged intestine. Among 
others, the writer had several successful cases 
of suture or resection of prolapsed bowel. 
From the material now under review, the re- 
covery rate from operation for prolapsed and 
nonperforated small intestine is about 50 per 
cent, the mortality being mainly determined 
by concomitant damage; but when the small 
gut is not only extruded but also injured, the 
mortality is about 80 per cent. 

In cases of prolapse of the large bowel, the 
prognosis is very grave, although several re- 
markable recoveries have been effected by 
skillful and courageous surgery. For example, 
Mr. F. J. S. Heaney successfully operated 
upon a man of 26, who was injured in the street 
by a bomb splinter. On his admission to hos- 
pital the large intestine extruding feces was 
found to be prolapsed through a large rent in 
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the left loin. After resuscitation with 2 pints 
of plasma, he was operated upon 3 hours after 
admission. 

The wound was thoroughly excised, the 
damaged prolapsed descending colon was re- 
moved, and a side-to-side junction effected 
between the transverse and the pelvic colon. 
The peritoneum was completely closed, but the 
posterior portion of the flank incision was left 
open. A prophylactic temporary cecostomy 
was performed. A fairly normal convalescence 
was established. 

In view of the grave prognosis which attends 
prolapsed and damaged bowel, the following 
cases are noteworthy. 


A patient (Mr. O. V. Lloyd-Davies’ case) was ad- 
mitted to hospital with a huge lacerated wound of 
the lower right quadrant of the anterior abdominal 
wall, and most of his bowel lying in his trousers. 
Shock was profound, but the man was conscious. 
The usual methods of resuscitation were utilized, 
including a blood transfusion; the clothing was slit 
up, and the prolapsed bowel merely covered with a 
warm saline pack. The abdomen and the extruded 
gut were covered with stone fragments, mud, mor- 
tar, etc.; the 2 lacerations of the ileum were repaired 
by suture. The wound in the abdominal wall was 
widely excised; the extent of tissue loss was now alar- 
mingly evident, and much ingenuity was required 
to close the peritoneal and muscular gap. The skill 
of the surgeon and the scientific postoperative 
measures contributed to the successful issue. (a) 
Continuous stomach suction was continued until 
normal peristalsis was heard all over, and until there 
was no distention and the bowels were open normal- 
ly. (b) Continuous intravenous drip (1 bottle of 
normal saline in proportion to 4 bottles of isotonic 
glucose; if good cloud of urinary chlorides, glucose 
increased and vice versa). This was continued for 13 
days. As much as 15 pints per 24 hours had to be 
given at first to keep pace with the measured and 
estimated fluid loss. Peristalsis gradually became 
normal, low-pitched and present all over the abdo- 
men; fluid was now passing through from the stom- 
ach; careful dosage of prostigmine, 1 cubic centi- 
meter intravenously, and later small doses of Epsom 
salts started normal bowel action. The wound was 
septic, but held together astonishingly. Three 
months later the man was readmitted to hospital 
with signs of intestinal obstruction. A straight x-ray 
picture showed numerous small gut fluid levels all 
over the abdomen. At operation, numerous adhesions 
were found, most marked in connection with the low- 
er small intestine and in the ileocecal region. Mul- 
tiple adhesions were divided; a small perforation oc- 
curred and was sutured. After-treatment was the 
same as before. Recovery was complete and he is do- 
ing moderately heavy work, wearing a canvas belt. 
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A member of a bomb disposal squad (Mr. Geof- 
frey Parker’s case) was standing in the open, about 
10 yards away from the bomb, when it exploded. 
His clothes were partly torn off, and his intestines 
were found ‘lying in the grass.” On admission to 
hospital, he had a large wound in the right iliac 
fossa, about 4 inches diameter in all directions. A 
field dressing somewhat inadequately covered the 
3 feet of prolapsed ileum. One loop of ileum had 2 
large rents, almost completely dividing the bowel; 
the mesentery of this portion of the bowel was also 
damaged. A limited resection of small gut was per- 
formed. The parietal peritoneum was also extensive- 
ly torn up, and blood had exposed the extraperito- 
neal aspect of the bladder, and had tracked through 
the femoral canal into the thigh and along the sper- 
matic cord. The blood was found to come from the 
horizontal ramus of the pubis, in which was impaled 
a small piece of bomb casing. The man made a good 
recovery. 


Wounds of the duodenum. The Spanish War 
confirmed the sinister reputation of wounds of 
the duodenum and pancreas which had been 
established in the great war of 1914-1918. The 
number of cases of injury to the duodenum at 
present available is too small for any reliable 
conclusions to be drawn as to the fatality of 
these wounds; it may be said, however, that suc- 
cessful operations have been performed for 
duodenal injuries in this present war (Rex 
Williams, Hedley Atkins, Henry R. Thompson 
and T. J. Cobbe). 


Driver B. (Mr. Hedley Atkins’ case) was wounded 
in the loin by a machine gun bullet while lying face 
downwards on the deck of one of H. M. Destroyers 
which was transporting him from Dunkirk to Eng- 
land. The wound of entry was about half an inch in 
diameter and situated close to the spine; the track 
thence passed forwards and to the right between the 
first and second lumbar transverse processes. When 
seen 4 hours after wounding, his general condition 
was good. He had vomited once or twice; his upper 
abdomen was rigid, but peristaltic sounds were nor- 
mal. The wound in the loin was first dealt with, and 
next the abdomen was opened by a high right para- 
median incision. The peritoneal cavity was full of 
blood; there was a perforation of the anterior wall of 
the second part of the duodenum, and also on the 
posterior surface of the liver; from this latter blood 
was oozing freely. The bullet had obviously skirted 
the medial border of the superior pole of the right 
kidney and had damaged both walls of the duo- 
denum. The wound of the anterior wall of the duo- 
denum was sutured; the peritoneal cavity cleared of 
blood by suction, and the rent in the liver plugged 
with gauze. Some discharge of duodenal contents 
took place from the wound in the loin, but this ceased 
after a few days and the man made a good recovery. 
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Rare as are successful operations for duo- 
denal injuries, Henry R. Thompson has actu- 
ally two to his credit: 


Jack S., a boy of 16, was hit in the street by a 
fragment of bomb. On admission to hospital, 
shock was severe; there was cyanosis of lips and 
cheeks. He complained of pain “in the pit of the 
stomach,”’ and had vomited once. There was retro- 
grade amnesia. A puncture wound was present, 1 
centimeter in diameter and situated 1% inches in- 
ternal to and just above the left anterior superior 
tliac spine. There was marked tenderness over the 
ascending colon, and an absence of intestinal sounds. 
There was a graze over the right costal margin, and a 
small wound on the flexor aspect of the left forearm. 
At operation a perforation of the duodenum near the 
pyloroduodenal junction was closed by suture; and a 
similar perforation of the anterior wall of the stom- 
ach was treated in a similar fashion. Despite a sub- 
sequent right basal pneumonia, the patient made a 
good recovery. A fragment of metal was seen on 
x-ray examination to be still present in the right 
upper abdominal quadrant, probably in the liver. 

The second, a man, sleeping in bed on his back when, 
as a result of a ‘‘near miss” bomb, was awakened in 
the small hours of the morning by what appeared to 
be a severe blow on the abdomen; the injury may 
have been due to “blast,” or some fragment of the 
house may have hit his abdomen, although there was 
no bruise or abrasion to indicate such a mechanism. 
On admission to hospital, the patient was in con- 
siderable abdominal pain; the pulse rate was 80; he 
was tender and rigid in the upper right abdominal 
quadrant. The man was kept under close observa- 
tion, and after 3 hours, although there was no change 
in the pulse rate or in its volume, the tenderness and 
rigidity now involved the whole of the right side of 
the abdomen. Operation was performed 6 hours 
after the injury. A large subserous hematoma was 
found, which had spread over the duodenum from 
the pyloric end of the stomach and had infiltrated 
into the layers of the transverse mesocolon. The 
peritoneum over the duodenum was found to be 
ruptured at the junction of the first and second 
portions. The rupture of the bowel was not quite 
complete; about 1% centimeter gut wall was still 
intact. At the site of the tear the various coats of 
the bowel had been separated and stripped asunder; 
the prospects of a satisfactory end-to-end junction 
seemed doubtful. Accordingly the duodenum was 
completely divided; the two ends were closed, 
and a posterior isoperistaltic gastrojejunostomy was 
performed. The man made a good recovery. 


Surgeon-Commander Rex Williams per- 


formed a successful operation in the case of a 


laceration of duodenum: 


W. B. Bracey, aged 24, seaman, was admitted 
from sea with a penetrating wound of the right flank 
which resulted from an enemy bombing attack. 


TABLE I.—RECOVERY RATE OF 
INTESTINAL INJURIES 


Injuries of the small intestine 
Total number undergoing operation for injuries 


including small intestine................ 253° 
Number of recoveries. ................... 121 
Percentage of recoveries.................. 47.31 
Number of operations for abdominal injury 
confined to small intestine.............. 119 
Number Of FECOVERIES. .o. 60 occ ccc cease 75 
Percentage of recoveries.................. 64 


Injuries of the large intestine 
Total number undergoing operation for injuries 


confined to large eee 163t 
Number of recoveries. ...........00s0c00% 65 
Percentage of recoveries.................. 40$ 


*Represents 43% of all operations for abdominal in 
juries; Sir Cuthbert Wallace reported 309 Yo in 1918. 

{Sir Cuthbert Wallace reported 37.5% in 1918. 

fRepresents 27% of all operations for abdominal 
injuries. 

§Sir Cuthbert Wallace reported 42% in 1918. 


Severe shock was present and was promptly treated. 
After an interval of approximately 12 hours after 
the receipt of injury, the abdomen was opened 
through a right upper paramedian incision. The sec- 
ond portion of the duodenum was found to be al- 
most completely torn across, and there were also 
penetrating wounds of the proximal jejunum and 
transverse colon. The duodenum was sutured in its 
transverse axis and the other injuries repaired in 
similar fashion. No foreign body was found; 10,000 
units of Bacillus welchii serum were introduced into 
the peritoneal cavity and the abdomen closed with 1 
drainage tube. Recovery was uneventful. When he 
was seen 2 months later, he had returned to duty, 
and a barium meal investigation revealed no abnor- 
mality in the stomach, which was empty in 4% 
hours. The duodenal cap filled well, appeared nor- 
mal, and was not tender. A large metal fragment was 
seen in the abdomen lying posteriorly, behind the 
pyloric portion of the stomach. 


Yet another case of a wound of the duo- 
denum successfully treated is that of Mr. T. J. 
Cobbe: 


The patient, C. M. M., a mate, recovered from 
injuries due to a fragment of bomb which not only 
damaged both walls of the stomach, but also wound- 
ed the duodenum and the colon. 


Injuries of gall bladder and extrahepatic bili- 
ary tract. In this series there seems to be only 
1 case of injury to the gall bladder. This was 
successfully dealt with by Miss E. M. Hall, 
F.R.C.S. There were multiple injuries includ- 
ing a penetrating wound of the abdomen; a 
perforated gall bladder and a ruptured liver 
were found at operation. The liver was sutured 
and the gall bladder was drained. There were 
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many other injuries affecting the skull, eyes, 
forearm, hand, etc.; nevertheless, the patient 
recovered. 

Injury to biliary tract due to “‘blast.’’ Kathleen T., 
aged 3 years, was the only survivor in a few houses 
which were completely destroyed by high explosives. 
She was the only living being when rescue parties 
arrived at the scene of the ‘‘incident.”” On admission 
to hospital she was in a state of severe shock. Apart 
from slight bruising of the right shoulder, there were 
no lacerations or external injuries. The abdomen was 
rigid and tender. After several hours the respirations 
became more rapid, and vomiting occurred. Opera- 
tion was beyond consideration; a diagnosis of a rup- 
tured diaphragm was tentatively put forward by 
me. After about 5 days the general condition slowly 
improved; the function of her bowel was restored; 
vomiting much less frequent. In 3 weeks’ time the 
abdomen was becoming more and more distended in 
this lower portion, and its increasing size embar- 
rassing both eating and movement. Twenty-five 
days after the ‘“‘incident” the abdomen was opened 
under gas and oxygen; a large cystic swelling filling 
the whole abdomen was found, whose upper limit 
was not determined. Eight pints of bile-colored 
fluid were evacuated, and reported upon as consist- 
ing of ‘‘bile remnants.” From this time her recovery 
was almost uneventful, and she is now well (Mr. 
J. H. Buttery’s case). 


Injuries of the spleen. The spleen has proved 
very vulnerable in this war, and has been dam- 
aged by penetrating injury, by subparietal 
crushes and by the effects of ‘‘blast.” In such 
fatal nonpenetrating injuries from crushing 
mechanisms, burial, etc., as have come to 
autopsy, the spleen has been the organ most 
frequently damaged, when death has been 
solely or chiefly attributable to the abdominal 
lesion. 

The recovery rate has been 55 per cent, 
which is a 10 per cent improvement on the 
figures of 1918. 

Injuries of the appendix vermiformis. In only 
2 cases in this series collected from this war has 
there been any note of an injury to the appen- 
dix. In 1 case, the injury was inflicted by a 
revolver bullet; in addition, there were 4 
wounds of the terminal ileum. The man re- 
covered. 

Injuries of the rectum. In this present series, 
52 per cent of patients with injuries of rectum 
have lived, an improvement on the 33 per 
cent recovery rate in the last great war (Sir 
Cuthbert Wallace). When the bladder is in- 
jured as well, 33 per cent recover. 








GORDON-TAYLOR: THE PROBLEMS OF SURGERY IN TOTAL WAR 391 


Several cases have been observed of the ex- 
plosive wound of the perineum; this seems to 
occur when the missile passes superficially 
across it. The sphincter surrounded by a cir- 
cumanal ring of skin may be torn away from 
the surrounding skin, and may be drawn high 
up into the perineal tear. Mr. W. B. Gabriel 
and Lieut. Col. Cameron MacLeod, R.A.M.C. 
have observed such a case in this war. 

The value of the local employment of sulfa- 
nilamide powder in rectal injuries seems to 
have been clearly demonstrated in the success- 
ful case of a patient operated upon by Surgeon 
Commander Frank Stabler, R.N.V.R. 


A Nazi officer in an E-boat was admitted to hos- 
pital with wounds in the back and buttocks from frag- 
ments of a shell from one of H. M. Destroyers. One of 
these splinters traversed the sacrum and damaged the 
underlying rectum. This posterior wound was ex- 
cised, damaged fragments of sacrum were removed, 
and powdered sulfanilamide was insufflated in the 
track. Laparotomy was then performed, and a per- 
foration of the rectosigmoid junction was sutured. A 
retroperitoneal hematoma was evacuated. No colos- 
tomy was performed. This type of case with bone 
injury, presacral blood extravasation and an as- 
sociated large bowel injury did extremely badly in the 
last great war; the use of the sulfonamides marks a 
definite advance in the treatment of this type of case. 


Injuries of bladder. Penetrating wounds of 
the bladder have shown a recovery rate of only 
35 per cent, which is rather lower than the 40 
per cent of the last war (Sir Cuthbert Wallace). 
The recovery rate is approximately the same 
when the bladder is injured along with the 
rectum or colon. 

The reminder to examine the interior of the 
bladder digitally, when there is perforation of 
that viscus, will often lead to the discovery of 
the missile. A bullet was even found lodged in 
the prostatic urethra (Major A. S. Till, R. A. 
M. C.). 

Complicated abdominal injuries. Multiple 
wounds of the abdominal viscera, especially 
the hollow viscera, manifestly render the prog- 
nosis of injuries to the belly more grave. The 


‘factor of serious concomitant hemorrhage 


makes the outlook still more serious. 

A man was hit by a machine gun bullet. There 
was asmall wound of entrance in left epigastrium over 
the left rectus at the level of the uppermost linea trans- 
versa; blood and air were bubbling out of this wound. 
Small wound of exit through left erector spinae, the 
level of which was about 1 inch lower than the en- 
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trance wound. This wound was very small, bled very 
little, and was situated just lateral to the transverse 
processes. Lesions found at laparotomy included: 
(1) perforating wound of anterior surface of stomach, 
close to greater curvature with severe bleeding from 
this perforation, about % inch in diameter; (2) pos- 
terior surface of stomach, wound of exit into lesser 
sac with very little extravasation; (3) perforation 
anterior surface of terminal part of duodenum close 
to duodenojejunal junction; there was severe bleed- 
ing from this wound; (4) perforation of posterior 
surface of duodenum, but comparatively little ex- 
travasation; (5) severe bleeding from transverse 
mesocolon (right colic vessels); (6) large bowel in 
condition of spasm, small bowel dilated and im- 
mobile. The case ended fatally. 

Two wounded patients were admitted simulta- 
neously to the same hospital, an old woman of 78 
years and a girl of 3 years. Age perhaps did not play 
such an important part in determining the fatal 
ending, for in each case the injuries were of multiple 
or severe character. In the case of the old lady (Mr. 
H. R. S. Harley’s case) there were present: (1) lac- 
eration of upper and outer part of the right thigh 
involving the deep fascia; (2) compound fracture of 
the trochanteric region of the left femur, with re- 
tained foreign body; (3) 6 lacerations of the buttock; 
(4) Pott’s fracture of the left ankle; (5) laceration of 
scalp; (6) tender, rigid abdomen in which autopsy 
revealed much blood, and 2 large perforations of the 
jejunum. A retained fragment % by % inch was 
present. 

The child of 3 years was admitted a quarter of an 
hour after the “incident” in a condition of extreme 
shock. A single wound covered with brick dust was 
present, and from it there protruded several feet of 
dust covered small intestine. After intensive resus- 
citation, the small intestine was washed and re- 
placed inside the.abdomen by Mr. Wass in an in- 
credibly brief space of time. Despite every measure, 
death ensued. 

An officer, at the termination of a parachute de- 
scent, landed in the fork of a tree, and received a 
penetrating wound of the rectum, a branch dis- 
rupting the pararectal tissues right up into the iliac 
fossa; the peritoneum was untorn. The injured man 
then fell to the ground, sustaining a severe fracture 
of the pelvic girdle. There was a wide separation of 
the symphysis, and a disruption of the sacroiliac 
synchondrosis. He survived his injuries about a 
year. 


On the other hand, some cases have made 
splendid recoveries: 


R. H. R., male, was injured by a splinter of bomb 
and sustained damage to stomach, transverse colon, 
and small intestine. There were also injuries to the 
right kidney, left leg, and left arm. The wounds of 
the stomach and small bowel were sutured. The 
colon was so severely damaged that a resection of a 
piece of the large bowel was necessary. Recovery 
(Case of Mrs. G. M. B. Toland, F.R.C.S.). 
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C. W., male, aged 34 years, was admitted to 
hospital half an hour after the “‘incident.”’ He was 
found to be suffering from the following injuries: 
(1) penetrating wound over the middle of the upper 
part of the right rectus abdominis. Examination of 
the abdomen demonstrated rigidity and generalized 
tenderness; (2) a through-and-through wound of the 
middle of the left thigh with a retained foreign body 
but no bone injury; (3) penetrating wound of the 
left leg with a retained foreign body; (4) superficial] 
laceration of the buttock. Operation took place 6% 
hours after injury; 2 surgeons (Mr. Wass and Mr. 
Thomas) co-operated. Three pints of blood were 
found in the peritoneal cavity. There was a wound 
of the greater curvature of the stomach, near the 
pylorus, a wound of the transverse colon and 7 
wounds of the small bowel, from one of which a 
bomb fragment was removed. All these perforations 
were sutured. A rent on the inferior border of the 
liver, which was not bleeding, was left alone. Re- 
covery took place. 


A sailor with almost every region of his body 
damaged, including his small intestine, was 
successfully operated upon by Surgeon-Com- 
mander Frank Stabler, R.N.V.R. 


The man was hit by cannon shell 16 hours before 
admission to a naval hospital. He had the following 
injuries: (1) frontal region laceration with fracture 
of outer table of skull; (2) 2 punctured wounds of 
abdomen above pubis, which had produced 6 per- 
forations of jejunum about 2 feet from duodeno- 
jejunal flexure; (3) right hand, index and middle 
fingers blown off, fifth metacarpal compound fracture 
and many penetrating wounds; (4) compound frac- 
ture of left olecranon; (5) 9 punctured wounds of 
left thigh; (6) 1 punctured wound right thigh; (7) 
compound fracture of left patella. Seven inches of 
bowel were excised, including 5 perforations; the 
sixth perforation was treated by separate suture. No 
drainage was employed. In the space of 12 hours, 
11 pints of blood and plasma were given. 


An associaled severe fracture, especially a 
compound fracture, loads the scales heavily 
against the victim with an abdominal injury; a 
smashed femur complicating a belly wound or 
contusion, especially at its upper extremity, is 
a burden hardly to be borne by suffering 
humanity. 

Nevertheless, such patients have survived: 

Mr. Kenneth Bond had under his care a bomb 
injury admitted with a small opening close to the 
anus, which led into a large cavity on the right side 
of the rectum and involved a complete division of 
all the sphincters, including the anorectal ring. The 
man had also sustained multiple fractures of the 
anterior portion of the pelvic ring, and an incomplete 
rupture of the urethra. Finally, a double spiral 
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fracture of the right femur completed the list of his 
injuries. The end-result consisted in a complete re- 
covery of function of all the systems involved. 


A patient of Mr. F. G. Wrigley actually sur- 
vived an injury to the abdomen and a compound 
fracture of both femora: 


This patient (Mr. F. G. Wrigley’s case) received a 
bomb injury to abdomen, with contusion of colon, 
damage to omentum, extensive extraperitoneal 
wound of lower left iliac region, bilateral compound 
fracture of femur, wounds of right forearm, and right 
temporal region. She recovered from the abdominal 
injury, although a fecal fistula formed 4 months la- 
ter. She ultimately succumbed from mental deterior- 
ation and the effects of sepsis in connection with one 
of the wounds of the thigh. 


In a patient who was under the care of Mr. 
A.L. Candler, after she had received a penetrat- 
ing wound of the abdomen and a fracture of the 
right femur, a completely successful result was 
obtained. 


This occurred in a woman of 30 who was putting 
out incendiaries on the night of an intense raid on a 
city. On admission to hospital, shock was extreme. 
After measures for resuscitation had been employed, 
laparotomy was performed, and several intestinal 
perforations sutured. The hospital was badly dam- 
aged the night following, and the woman was trans- 
ferred to an infirmary in another town; her pulse was 
120 after her transportation. Her subsequent course 
was punctuated by several alarming or disquieting 
incidents; large quantities of pus and blood were 
passed by the rectum, and a transfusion of 3 pints of 
blood on one occasion was required. A few days after 
this a small intestine fistula appeared at the bottom 
of an unhealthy-looking abdominal wound. This 
finally healed, the patient making a complete re- 
covery. 

An unusual mode of wounding was noted in the 
case of R. A. C. who was blown by the blast wave 
from a detonating bomb on to the roof of the car 
beside which he was standing. Then came a second 
bomb, from which he received 16 superficial splinter 
wounds of the left lower limb, but also a penetrating 
injury of the belly. No visceral injury was discovered 
on laparotomy. The man recovered. 


It is possible for those persons who are 
maimed by high explosive, in addition, to suffer 
from burns. 


H. W. W., male, aged 46 years, was extinguishing 
an incendiary bomb with sand when it exploded. He 
received burns of the face and hands, and 4 punc- 
tured wounds of the abdomen. At operation, 1 large 
and 1 small wound of the ileum were sutured, as 
well as a small tear of the transverse colon. He re- 
covered. 
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ABDOMINOTHORACIC INJURIES 


Uninformed lay opinion is prone to associate 
penetrating injuries of the trunk with a dire 
mortality, and statistical inquiry only too 
truly confirms the fatality of wounds involv- 
ing certain lethal anatomical areas, and the 
severity or serious consequence of many wounds 
of the less mortal regions of the thoracico- 
abdominal zone under conditions of modern 
warfare. The behavior of wounds of the 
diaphragm itself had been known to surgeons 
since the days of Ambroise Paré, and was 
accurately noted and discussed by Guthrie 
when writing of the war surgery of the Napo- 
leonic era. The operative treatment of thoracic 
wounds by Guthrie and by Baron Larrey, 
Napoleon’s great Surgeon General, anticipated, 
though in immature fashion, the modern treat- 
ment of wounds of the chest received under 
conditions of war. The early story of the 
abdominal aspect of the problem has already 
been told. 

Injuries which involve thorax, diaphragm, 
and abdomen may be of penetrating or of non- 
penetrating character. In the war of 1914- 
1918, the first named group completely over- 
shadowed and outnumbered those which were 
subparietal lesions; in this present conflict the 
cases for which surgery is possible still belong 
almost exclusively to the former class. 

Penetrating injuries. In one series of cases 
from the war of 1914-1918 (Sir Cuthbert Wal- 
lace, 1922) abdominothoracic cases constituted 
12 per cent of the abdominal cases which 
reached the casualty hospitals of one army; 
the operations performed on this group of pa- 
tients also accounted for 12 per cent of all the 
abdominal operations in that army. In the 
Spanish Civil War the percentage of the bellies 
admitted to a hospital of first urgency was not 
dissimilar to that which obtained in 1914- 
1918, i.e., 11 per cent (Jolly, 1940). Abdomino- 
thoracic injuries in the present series of ab- 
dominal injuries from this war approximate 13 
percent; the ratio is therefore not dissimilar to 
those of previous campaigns. 

Statistics of abdominothoracic woundsculled 
from the official history of the war of 1914- 
1918 demonstrate that in a vast majority the 
abdominal lesion determines the gravity of the 
prognosis, and, further, that wounding of the 
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hollow abdominal viscera greatly augments 
the fatality of the injury. It will at once be 
apparent that the anxieties occasioned by a 
wound of the left dome of the diaphragm must 
greatly exceed those which are aroused by 
right-sided penetration of the midriff. An 
analysis of cases from this war confirms the 
truth of both these statements. 

Of 78 abdominothoracic injuries in this pres- 
ent series, 42 were right-sided and 36 were 
left-sided. Forty-nine patients survived, i.e., 
a recovery rate of 63 per cent, a figure which 
very nearly equals that attained by 6 surgeons 
of the Fourth Army in 1918.during the last 
great war. In this present series, 70 per cent 
of the patients with right-sided abdomino- 
thoracic wounds lived; whereas only 50 per 
cent of the left-sided abdominothoracic pa- 
tients survived. 

An excellent classification of penetrating 
abdominothoracic wounds has been given by 
my friend Tudor Edwards: 

1. The chest and abdomen may be pene- 
trated by separate missiles, the wounded man 
sometimes becoming a veritable St. Sebastian, 
his abdomen and chest riddled with fragments 
of high explosive or machine gun bullets. 

2. Missiles may penetrate the chest, and 
may emerge through the abdominal wall or be 
retained within the belly; on the other hand, 
the track of the missile may be in the reverse 
direction—the wound of entry in the abdomen 
and the fragment retained within the thorax. 

3. Traversing wounds of the lower chest, 
especially if inflicted during expiration, may 
pass through the diaphragm and occasion dam- 
age to the abdominal organs lying immediately 
subjacent to the midriff. 

4. Tangential wounds of the lower thorax 
in which considerable damage, including dia- 
phragmatic injury and perforation, is produced 
by the missile and in-driven fractured ribs. 

The diaphragmatic lesion. The present war 
series confirms many of the findings of a quar- 
ter of a century ago. The injuries of the dia- 
phragm in abdominothoracic lesions are still 
mostly found in the sloping muscular portion, 
and are especially frequent when this lies in 
contact with the thoracic wall. In cases that 
come to operation the rent is usually small; in 
one series the linear tear was half an inch long 


or less in 50 per cent of the cases. Many open- 
ings are mere punctures; larger irregular aper- 
tures in those suitable for surgery are seldom 
found to be more than 1% to 2 inches in 
diameter. 

Lockwood and Nixon (1918) compared the 
cardiac and respiratory embarrassment due to 
a rent in the diaphragm to that produced by 
an open pneumothorax; on the other hand, for 
Sauerbruch the importance of the diaphragm 
in relation to respiration and the circulation 
was exaggerated. The great improvement in 
the recovery rate of abdominothoracic cases 
after the diaphragm began to be sutured by 
British surgeons in the last war may have been 
partly due to the repair of that muscle, but 
also to the improved treatment of the thoracic 
condition and increasing familiarity with the 
many problems of war surgery. Small wounds 
undoubtedly heal spontaneously, and others 
are at least temporarily plugged by omentum, 
spleen, liver, stomach, etc. 

Wounds of the central tendinous part are 
obviously more serious than those at the peri- 
phery, but some have survived. A century ago 
Guthrie published notes of a man with a wound 
of pericardium, left ventricle lung, liver, and 
the tendon of the diaphragm. The man sur- 
vived for 4 or 5 months; he suffered from palpi- 
tation and uneasy sensations in the chest, and 
died of bronchitis. Fuchsig (Sauerbruch and 
O’Shaughnessy, 1937) successfully operated 
upon a patient with a stab wound of the right 
ventricle which also perforated the central por- 
tion of the diaphragm. The track passed ob- 
liquely inwards from the fifth sternochondral 
articulation and was thought before operation 
to implicate the stomach. 

Diagnosis of penetrating abdominothoracic 
wounds. Doubt may sometimes be felt at first 
whether the gravity of the condition of a man 
with an abdominothoracic wound is due to the 
thoracic, to the abdominal, or to other con- 
comitant injury. Nixon (1919), who had great 
experience of these cases, thought that if there 
is a fair air entry into the lungs thoracic injury 
is not to be held accountable. 

The anatomical site of the aperture of entry 
and of exit in a traversing wound of the trunk 
limns the track of the missile with fair accura- 
cy. The position of the patient at the time of 
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injury also demands consideration; the struc- 
tures probably damaged may then be readily 
adumbrated. In cases in which a fragment of 
metal, spicules of broken rib, etc., are retained, 
radiological investigation is indispensable; its 
necessity in estimating diaphragmatic move- 
ments and thoracic pathology cannot be over- 
estimated. There are also clinical signs and 
symptoms which arrest attention and which 
may clarify, or may, on the other hand, ob- 
scure, the diagnosis: 

1. Abdominal rigidity does not of necessity 
betoken involvement of the subphrenic viscera. 
It is well known that injuries of the pleura or 
lung, especially if situated in proximity to the 
diaphragm, may occasion abdominal rigidity 
and may arouse suspicion of an abdominal 
lesion. 

2. Sickness and vomiting have been known 
to occur in cases of lower thoracic injury, but 
are more frequent in abdominal lesions, as is 
eructation of gas. 

Diaphragmatic injury is suggested by an 
almost entirely thoracic type of respiration, 
with a catch at the end of inspiration, some- 
times a definite spasm or hiccup; yet the actual 
respiratory rate may be little altered. In the 
late stages of injury to the diaphragm there is 
fixed pain, exaggerated on exertion and re- 
ferred to clavicle or scapula according to the 
position of the injury or location of the re- 
tained missile. Pain is induced especially by 
lifting, coughing, or even deep respiration. The 
diaphragm is kept motionless on the affected 
side. 

The diagnosis of a wound of the diaphragm 
is not easy in subparietal injuries. The syn- 
drome of tension pneumothorax may be simu- 
lated by the sudden irruption of stomach or 
colon into the chest. Radiology and the de- 
termination of the intrapleural pressure enable 
a correct diagnosis to be attained. 

The existence of blast contusion of the lung 
is now well established on clinical and x-ray 
evidence and by postmortem findings, and the 
dangers attending the use of inhalation anes- 
thesia in these cases are overwhelming; great 
caution must therefore be employed when this 
is suspected; yet blast contusion of the lung is 
sometimes only the index of perhaps graver 
changes in the organs below the diaphragm. 
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Other serious cases may have been in very 
close proximity to detonating bombs, and may 
be suffering from a dangerous and grave de- 
gree of saturation of the blood by explosive 
gases, such as carbon monoxide or nitric oxide. 
The severity of the clirtical state may even be 
due to such lesions as myocardial trauma. 
Such possibilities should not be overlooked 
amid the circumstances of this ‘‘total”’ war; 
their presence and the existence of other grave 
multiple injuries heavily load the scales against 
recovery. 

Penetrating injuries by large missiles. The 
injuries produced inside the chest or abdomen 
by large fragments of metal or other foreign 
body are almost always irrecoverable; the re- 
sult is scarcely likely to be different in those 
wounds if more than one cavity of the body is 
implicated. There was in the Royal College of 
Surgeons’ Museum till the time of its destruc- 
tion a piece of brass tubing, 43 inches long, 
removed by Mr. Reginald Vick in Macedonia 
from a Greek soldier, who recovered after the 
simple extraction of the missile, which had 
passed from the middle of the right scapula 
and projected in the epigastrium (Gordon- 
Taylor, 1939). 

Saint (quoted by Gordon-Taylor) had a suc- 
cessful right-sided abdominothoracic case in 
which a fragment of shell weighing 2 ounces 
had traversed chest, diaphragm, and liver and 
produced 2 perforations of the duodenum and 1 
in the hepatic flexure of the colon. 

In one of my patients, the successful result 
of whose case is recorded elsewhere, a missile 
weighing nearly 4 ounces produced the most 
grievous damage inside the belly and fractured 
the bony wall of the thorax (Gordon-Taylor, 
1919); the diaphragm was apparently unin- 
jured. In the penetrating abdominothoracic 
wounds which form a section of the series col- 
lected from this war, there is no record of any 
case that controverts the reputed fatality of 
the large missile when it wounds the trunk. 

Treatment of penetrating abdominothoracic 
injuries. This contribution is largely concerned 
with the surgical treatment of injuries of the 
diaphragm and of those abdominal organs 
whose anatomical proximity renders them spe- 
cially vulnerable in cases of diaphragmatic 
wounding. 
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Treatment of wounds implicating the liver. 
The dimensions and the velocity of the missile 
play an important part in determining the 
type of hepatic lesion, which may be almost 
protean in character; large fragments of liver 
may be torn off, and as much as one-third of 
the right lobe has been found loose in the 
peritoneal cavity of a patient who recovered 
from a right-sided penetrating abdomino- 
thoracic injury in the last war. 

Before their total destruction, the specimens 
in the Royal College of Surgeons’ War collec- 
tion illustrating gunshot wounds of the liver 
revealed many lesions for which any surgery 
must be futile or incomplete; thus it would be 
impossible by operative measures alone to pre- 
vent infection throughout the length of a 
ragged track running from the right lateral 
surface of the organ to its extreme pole on the 
other side of the body. In many cases of liver 
injury due to enemy action there are few arrest- 
ing clinical signs, and it is significant that out 
of all the penetrating injuries of the abdomen 
which recovered in the last war without opera- 
tion the wounds were mostly situated in the 
liver area. Surgical intervention directed to- 
wards the liver is indicated under the following 
circumstances only: (1) gross hemorrhage 
from the liver, which mainly depends on 
whether large veins in the organ have been in- 
jured—hemorrhage otherwise ceases sponta- 
neously, as does oozing of bile, unless main 
ducts are severed; (2) the association of some 
thoracic or another abdominal lesion demand- 
ing exploration; (3) the retention of a missile 
in the liver, especially a large missile in an 
accessible position in that organ. In the case 
of severe laceration of the liver packing may be 
necessary to control hemorrhage. In some 
such patients the diaphragm may be sutured, 
and the thorax closed in the approved manner 
with airtight drainage of the pleura by means 
of a Malecot’s tube inserted through a separate 
intercostal incision. The gauze pack is brought 
out through another separate incision in the 
anterior abdominal wall. In other cases the 
diaphragmatic opening may be enlarged paral- 
lel with fibers from mediastinal to lateral bor- 
der; the diaphragmatic edges are now approx- 
imated to the intercostal muscles and the 
pleura is thus shut off from the drainage track. 
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Early jaundice in cases of hepatic injury 
may be present, and is usually slight and eva- 
nescent; the possibility of a collection of bile in 
peritoneum or pelvis should ,always be con- 
sidered. Late jaundice has a much graver sig- 
nificance, and indicates serious infection. 

Secondary hepatic hemorrhage in penetrat- 
ing abdominothoracic injuries is almost always 
fatal, and is usually associated with signs of 
sepsis such as pain, elevation of temperature 
and pulse rate, abdominal pallor, restlessness, 
and loss of strength. 

The formation of an intrahepatic abscess 
round a retained fragment may be dealt with 
successfully by surgical measures. 

Treatment of gunshot injury of the spleen. A 
study of the specimens of gunshot injury of 
the spleen in the war collection formerly housed 
in the Royal College of Surgeons used to sug- 
gest that wounds of that organ are frequently 
complicated by damage to adjacent viscera; 
yet in some collected clinical series it is stated 
that in more than half the cases of splenicinjury 
revealed at operation there was no damage to 
other abdominal organs. This was certainly 
not my experience (Gordon-Taylor, 1939), 
which is in agreement with that of Major Jolly 
in his surgical work with the Spanish Republi- 
can Army (Jolly, 1940). 

The propriety of primary splenectomy in 
cases of gunshot injury still remains a sub- 
ject of controversy. The removal of the organ 
should certainly not be resorted to light- 
heartedly, but in my opinion the procedure has 
not greatly increased the risk. The suture of 
the spleen may not be difficult when the organ, 
is approached through the chest and dia- 
phragm, but when explored by other routes 
cobbling of the organ is wasteful of time and 
may leave a sense of insecurity. Jolly (1940) 
and some of the Spanish surgeons write en- 
thusiastically of splenectomy. 

Numerous cases of successful transdiaphrag- 
matic splenectomy in left-sided abdomino- 
thoracic wounds were recorded in the war of 
1914-1918, some of which were associated with 
the operative repair of injuries to the stomach 
(Richard Charles, George Gask, J. E. H. Rob- 
erts, A. L. Lockwood, Gordon Bryan, Gordon- 
Taylor, etc., and very recently by Valentine 
Logue). In the last war recovery has even 
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taken place in cases of left-sided abdomino- 
thoracic wounds in which left-sided nephrec- 
tomy as well as splenectomy had to be per- 
jormed for complete disruption of each organ 
(Gordon-Taylor) and also in the present con- 
flict (J. Scholefield). 

Treatment of wounds of the pancreas. These 
injuries were less frequent in the war of 1914— 
1918, or at any rate were less often recognized, 
than injuries of any other of the abdominal 
viscera; it is not otherwise today. The inti- 
mate anatomical relation of the gland to the 
large blood vessels doubtless explains the 
paucity of wounds coming under the observa- 
tion of the casualty hospital surgeons; doubt- 
less some are unrecognized and are designated 
retroperitoneal hematomas. I have knowledge 
of only 3 abdominothoracic injuries implicat- 
ing the pancreas in which recovery took place 
in the last war (Saint, Alan Curry, Gordon- 
Bryan); there are none in the present series 
from this conflict. 

Treatment of injury to the kidney. Each kid- 
ney is equally liable to damage. It was esti- 
mated that in 40 per cent of gunshot wounds of 
the kidney investigated at an English surgical 
base in France during 1914~1918 the thorax 
was also implicated. The propriety of imme- 
diate operation on the kidney in abdomino- 
thoracic wounds demands even more careful 
consideration than in purely abdominal in- 
juries. Probably the best course is to excise 
the wound leading down to the damaged kid- 
ney; the organ can then be inspected and any 
foreign body removed. 

In the majority of cases the renal injury 
plays a minor part in menacing life, and only 
for severe hemorrhage, a hopelessly pulped 
organ, or gross damage to the renal pedicle is 
primary nephrectomy indicated. In about 20 
per cent of cases of gunshot injury of the kid- 
ney in the last war, life was threatened by sec- 
ondary hemorrhage, consequent on sepsis, a 
retained missile, or an infarct of the kidney 
produced by damage to some branch of the 
renal artery; secondary hemorrhage is an in- 
lrequent phenomenon today. 

Treatment of injury to the hollow organs. Of 
hollow organs the stomach and splenic flexure 
0! the colon are those most liable to injury; in 
s\itable cases transdiaphragmatic laparotomy 
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affords excellent access to these organs. Con- 
comitant involvement of the small intestine 
denotes a more vertical track of the missile, 
and demands a separate approach or a much 
extended incision; such a measure, though 
necessary, increases risk to life. Multivisceral 
damage also augments mortality, and vertical 
wounds, which may even extend from supra- 
clavicular fossa to femur, tend to be very fatal. 

The possibility of injury to the duodenum 
must always be borne in mind, and any hema- 
toma in its vicinity should be suspect, lest a 
retroperitoneal rupture of this fixed part of the 
small gut be overlooked. Every abdomino- 
thoracic case in the present series associated 
with a laceration of the hepatic flexure has 
perished. 

Summary of treatment. The treatment of 
penetrating abdominothoracic injuries may be 
summarized as follows: 

1. In many traversing (through-and- 
through) abdominothoracic wounds of the 
right side produced by a small bomb fragment 
or bullet no immediate active surgical treatment 
is required, provided that: (a) no gross dam- 
age has been inflicted upon the thoracic or 
abdominal wall—fractured ribs, explosive 
effect, etc.; (b) the direction of the track of the 
missile does not appear to compromise the gen- 
eral peritoneal cavity or suggest the desirabil- 
ity of its exploration; (c) the signs of abdominal 
hemorrhage or of injury to a hollow viscus are 
clearly absent. 

2. In cases of right-sided abdominothoracic 
wounds in which a small fragment is retained in 
an inaccessible position in the substance of the 
liver an expectant line of treatment is the correct 
procedure; accessible fragments, unless small, 
should be sought and removed. 

3. When there is an open, blowing thoracic 
wound or an associated “‘stove-in chest,” the 
chest injury must of course assume chrono- 
logical priority of treatment. 

4. If the position of the wound of entry and 
exit in a left-sided abdominothoracic wound 
adumbrates a track implicating that fatal left 
subphrenic area of the abdomen, or if a radio- 
graph demonstrates a fragment of metal re- 
tained in this region, the thorax should be 
dealt with first and access to the upper ab- 
domen obtained through the diaphragm. 








SURGERY, GYNECOLOGY AND OBSTETRICS 











Fig. 1. Entrance Hall of the Royal College of Surgeons of England showing the 
destruction effected by the bombing on the night of May 1to-11, 1941. 





Fig. 2. Room 3 in the Museum of the Royal College of Surgeons showing the de- 
struction of the room and its galleries. The bust of John Hunter is enclosed in a ram- 
part of bricks. 
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Fig. 3. Room 5 which contained the majority of the comparative anatomy specimens 
belonging to the Museum which started with the original Hunterian collection. 





Fig. 4. This shows amid the débris of Room 4 the bust of the naturalist, Owen, a 
former conservator, which was only partially damaged. 
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5. When the thoracic injury appears insig- 
nificant, but there is evidence of severe wide- 
spread intraperitoneal damage, especially in- 
volvement of hollow viscera, the abdomen 
should be explored through an appropriately 
placed laparotomy incision. This instruction 
applies to wounds of thorax and abdomen pro- 
duced by the same or by separate missiles. 

6. When the thoracic injury seems slight, 
and when the evidence of a radiograph or the 
direction of a missile track in a through-and- 
through wound suggests an extraperitoneal 
course of a small fragment, such an abdomino- 
thoracic injury may often be left alone. 

If in such cases there is evidence of injury to 
the kidney, the parietal wound down to the 
kidney should be excised, the organ investi- 
gated, and any foreign body removed. 

7. In cases in which the thoracic wound is 
situated low down on the lateral or antero- 
lateral aspect of the chest, access to both supra- 
diaphragmatic and infradiaphragmatic areas 
may be obtained by cutting through the costal 
arch after the manner of Bland-Sutton, Duval, 
Bérard, etc.; this method of access is indubit- 
ably severe. 

8. If an abdominothoracic injury has been 
approached from the abdominal aspect, it is 
important not to waste time trying to com- 
plete a difficult suture of the diaphragm in a 
critically ill patient, unless the aperture in the 
midriff is so large that immediate or early 
herniation of the abdominal contents is cer- 
tain to occur. 

Nonpenetrating abdominothoracic injuries. 
There are no successful operations for sub- 
parietal abdominothoracic injuries indisputa- 
bly involving the diaphragm in this present 
series of cases. The inference is that these 
cases involve such desperate or multiple in- 
juries that death ensues; some such cases are 
found at autopsy. The experience of this war 
so far goes to show that abdominothoracic 
injuries due to fragments of high explosive or 
bullets are far less grave than those due to 
crushing force or the effect of blast. 


A man of 50 years was admitted to hospital after 
having been dug out from under the débris of a 
house. He showed no marks of external injury, 
complained of no pain, distress, and was only slightly 
shocked. On the following morning he was dyspneic 


and complained of pain in the left chest, these symp 
toms increasing during the day. On examination h 
was tympanitic over the left chest up to the third 
rib anteriorly, and his heart was displaced to th 
right. An x-ray suggested a diagnosis of collapse o! 
the left lung, a pneumothorax and a pleural effusion 
Just above the fluid level were some vague shadows 
which were thought possibly to indicate the presenc: 
in the thorax of gut. However, on the suppositio1 
that the condition was a tension pneumothorax, a 
needle was inserted in fourth intercostal spac: 
anteriorly and about a liter of air was let out with 
great relief to the patient. The process was repeated. 
and the needle was connected with a receiver by 
means of rubber drainage. Fluids taken by thx 
mouth escaped through the needle in the thorax(!) 
The patient was finally operated upon, and a tear in 
the diaphragm found, through which an enormous 
hernia of the stomach had taken place. Death oc 
curred. 


Mention has already been made of the ad 
vancement of the science and craft of surgery 
through the stimulus of war. The familiarity 
with the transdiaphragmatic approach to the 
vault of the abdominal cavity attained in the 
latter years of the war of 1914-1918 has been 
turned to useful purpose by thoracic surgeons 
since the war. The advances in this field are 
stupendous. Diaphragmatic hernia, especially 
that produced by injury is nowadays ap- 
proached by the thoracic route in Britain; the 
operation of cardio-omentopexy gave good re- 
sults in the late Mr. O’Shaughnessy’s capable 
hands, and improvements in the technique of 
the operation have been effected by Mr. John 
B. Hunter. The general surgeon also avails 
himself of a thoracic approach in the operation 
for the surgical removal of the lower end of 
the esophagus or of the cardiac end of the 
stomach. 

Increasing familiarity with thoracic surgery 
doubtless provided the stimulus for Pierre Du- 
val’s successful operation for the extraction of 
a bullet from the suprahepatic portion of the 
inferior vena cava; the sternum was split, and 
the diaphragm divided backwards to the caval 
opening in the midriff. To my mind, this still 
remains the most brilliant operation in the 
history of surgery. 


CONCLUSIONS 


1. Despite the gravity of the wounds anc 
the frequent association of multiple injuries 
approximately 50 per cent of the patients with 


peice 








AABN Tien Dos Sai Aa 


PS eeae 

















GORDON-TAYLOR: THE PROBLEMS OF SURGERY IN TOTAL WAR 


abdominal injury for whom operation is pos- 
sible survive. 

2. The military situation permits of no in- 
formation as to the percentage of all abdominal 
casualties for which operation is possible. 

3. The percentage of recoveries for injuries 
to the stomach, the small intestine, and the 
spleen is actually higher than in 1914-10918, 
though the recovery rate for the large bowel is 
the same. 
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4. Few patients have survived after lengthy 
resections of bowel. 

5. The employment of the sulfonamide 
locally and by oral administration has proved 
of inestimable value. 

6. The transfusion of blood or the blood 
derivatives has been employed on a liberal 
scale and this method of treatment has made 
a host of patients operable who would other- 
wise certainly have died. 





THE CARE OF THE LIGHTLY WOUNDED 
WILLIAM DARRACH, M.D., Sc.D., LL.D., New York, New York 


HE main thesis of my remarks is that 

far too little attention was paid in 

the last war to the care of the lightly 

wounded. By lightly wounded I 
mean wounds which do not involve any of the 
body cavities, such as the head, chest, or 
abdomen, or any bone, major blood vessel, or 
nerve. Most of these patients were ambula- 
tory and, had they received prompt surgical 
attention, should have been able to return to 
duty within a few weeks. As a group, they 
represented a considerable majority of all the 
wounded. 

We were told that the main duty of the 
Medical Corps was to maintain the strength 
of the fighting forces, yet the primary atten- 
tion, as well as the large majority of the time 
and effort of the surgeons, was directed to the 
care of the severely wounded, very few of 
whom ever went back to duty. The lightly 
wounded “waited for the second table and got 
the leavings.”” This was quite in keeping with 
our peace time training and humanitarian de- 
sires. If our main object is to save life, those 
dangerously wounded should come first; but 
if our main object is to win the war and main- 
tain the fighting forces it would seem that the 
men who might go back to duty should receive 
at least equal attention and that the attempt 
should be made to reduce their period of dis- 
ability to the minimum. 

As I am expressing a purely personal and 
individual opinion I may be allowed to recount 
the experiences on which that opinion is based, 
limited though they were. Going over with 
the Presbyterian Hospital Unit in May, 1917, 
we were assigned to the British Expeditionary 
Force, and No. 1 General Hospital at Etretat 
near Havre was turned over to our care. At 
the time of our arrival in France things had 
been relatively quiet for some time and most 
of the patients then in the hospital had been 

From the Fracture Service, Presbyterian Hospital; and the 
Department of Clinical Surgery, College of Physicians and Sur- 
geons, Columbia University. 
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sent down from the front area several weeks 
before. The main problem seemed to be to get 
the severely wounded patients well enough to 
be sent across the channel to England. These 
included patients with badly infected com- 
pound fractures, chest wounds, and a few who 
survived after abdominal injury. Also there 
was a large number of ambulatory patients 
with small infected wounds, many of whom 
had been under treatment for weeks and even 
months. In addition to their local wounds 
they had become soft and flabby, and their 
morale very low. When their wounds finally 
healed, they were sent to convalescent camps 
for more weeks of rehabilitation before going 
back to the rest areas to rejoin their divisions. 
When a train load of 300 to 700 new patients 
arrived at the base, all hands concentrated on 
the severely wounded and those patients with 
minor injuries waited until all the others had 
been cared for. As the wounds by that time 
were 3 to 10 days old, not much was done 
except daily dressings by the junior medical 
officers, or more usually, the nurses. 

After the Somme, the British Expeditionary 
Force realized that the wounded could be 
handled better if their operative treatment 
was carried out nearer the front lines. In 
preparation for the battle of Passchendaele in 
July, 1917, operating teams were sent from 
the base hospitals to the casualty clearing sta- 
tions which were stationed 5 to 10 miles behind 
the lines and usually at a railhead. The pa- 
tients came from the field hospitals to the 
casualty clearing station by ambulance and 
from there were sent down by train. They 
usually reached the hospitals 4 to 12 hours 
after injury. These hospitals were entirely 
housed in tents except for a Nissen hut for the 
operating theater. When we arrived on July 
23, 1917, there were 3 groups of these hospitals 
back of Ypres with 3 or 4 hospitals in each 
group. We were assigned to No. 47 Casualty 
Clearing Station with 7 other surgical teams. 
Each team consisted of a surgeon, an anesthe- 
tist, a nurse, and an orderly. The duties of the 
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operating team were twofold, to serve in the 
admitting ward and in the operating theater. 
In the former, wounds were merely inspected, 
dressings changed, and the decision made as 
to whether the patient should go to the resus- 
citation ward, preoperative ward, or be held 
for evacuation on the next train. When a rush 
was on, the admitting and sorting was done by 
one of the other medical officers. The oper- 
ating teams were on duty 16 hours out of the 
24 so there were 6 teams operating from 8 a.m. 
to midnight, and 4 from midnight to 8 a.m. 
The plan in our group was for the ambulances 
to bring all patients to one hospital until 200 
had been admitted, the stream then being 
diverted to the second hospital. By the time 
the third had admitted its quota, the first 
hospital was supposed to have finished with 
its group and be ready for the next. During a 
push, of course, the numbers were far greater 
than in the intervening times. During a lull it 
might take 24 hours to get our quota of 200 
but on the second day of the first push we 
rotated 6 times, each hospital getting over 
1200 patients. The worst cases, except for 
those patients obviously moribund, were oper- 
ated on first. One severe case an hour was 
about the average that one team could handle. 
This meant that during the busiest period 
only 1o per cent of the patients received could 
be handled in the operating theater. The rest 
had to be sent on to get their operative care 
later on, perhaps the next day, perhaps a week 
later. This failure to give the lightly wounded 
early operative treatment was a necessity dur- 
ing rush times but the peak load necessity 
seemed to establish the general policy at all 
times, and general policies in the British Ex- 
peditionary Force or any army are hard to 
change. This I discovered during one quiet 
period when only 2 teams were on call. I took 
my team to the receiving tent and under gas 
operated on some of the patients with minor 
wounds who, as I had seen at the base hospi- 
tal, required months to get back to duty. If 
operated upon early I thought they might 
recover within a few weeks. We were able to 


care for quite a few cases in a short time. 
Soon word came from the Commanding Officer 
“Sorry, but that’s not done in the B.E.F.” 
This same general plan seemed to hold in 
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other casualty clearing stations in our area. 
The French had already established the wis- 
dom of early surgical treatment of minor 
wounds and during quiet times were doing a 
good deal of it in their advance hospitals. 
Coming back to the base hospital, I was 
again impressed with the long delay in healing 
of those minor wounds whose only early treat- 
ment was dressings, or occasionally some bipp 
paste. 

After 14 months with the British I was 
transferred to the American Expeditionary 
Forces in the latter days of the battle of 
Chateau-Thierry. During this and the St. 
Mihiel drive the problem was to meet the 
actual necessities with the materials at hand, 
but later in the Argonne, with more hospitals 
and better organization, the problem of pro- 
viding the wounded with early surgical treat- 
ment was well met. In addition to a goodly 
number of evacuation hospitals, well equipped 
and with surgeons of experience, several mo- 
bile hospitals, notably Nos. 1, 2, and 4, were 
set up sufficiently far forward to give the 
severely wounded an excellent chance for re- 
covery. Yet here again, in both evacuation 
and mobile hospitals the major emphasis was 
placed on giving the severely wounded the 
right of way. The others were either attended 
to after the severe cases were finished, or were 
immediately sent down the line. In a few 
places operating teams were assigned to the 
lightly wounded group. Sherbondy and 
George Davis by using 3 tables, orderlies, and 
nurses proved that they could handle 6 to 8 
cases an hour. At the time of the Armistice, 
Colonel Grissinger of the First Corps had 
plans all ready for execution for a special hos- 
pital well forward for the lightly wounded 
patients only, but it was never opened. 

That early operative treatment of minor 
wounds will shorten tremendously the period 
of disability was proved at the hospital for 
the Army of Occupation in Coblenz. In the 
first month we had 83 cases of gunshot wounds 
all due to careless handling of firearms. This 
led one old regular to say “I always claimed 
that a soldier was the last person in the world 
to be trusted with firearms.” 

I have a vivid memory of a dressing station 
along the road that ran north from Ypres 
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along the canal. Here in a small cellar an 
attempt was being made to revive a patient 
with a badly shattered thigh and a perforat- 
ing belly, while huddled up behind what was 
left of the front wall of the house was a group 
of walking wounded waiting for transporta- 
tion. Again at the field ambulance tired men 
were working over a row of stretchers, while 
near by a large group of walkers squatted 
down or curled up on the ground waiting for 
transportation. Near by was the narrow gauge 
railroad with its cars of shells coming up, and 
the cars going back—empty. Lorries were 
going up the road full of supplies of one sort 
or another and others going back—empty; 
yet the walking wounded waited for ambu- 
lances. Again at the casualty clearing station 
when the ambulances arrived—patients on 
stretchers were cared for first while the walk- 
ers waited. Their dressings were changed, 
they were fed and herded to one side to await 
transportation by the next train to go down. 
I can see them when the train arrived at the 
base. Again the stretchers came first in the 
ambulances, while the walkers, who could, 
slowly plodded the half mile from the railway 
station to the hospital. It sometimes took 24 
to 48 hours of operative work to care for the 
severely wounded before the others could have 
their turn. It was too late then for any pre- 
ventive work and for early healing. One 
found just dirty, granulating wounds, often 
with insufficient drainage. Then came the 
long, slow weeks of healing with a gradual 
softening—physical, mental, and _ spiritual. 
This was “the forgotten man.” 

In the Argonne the picture was similar. In 
the divisional triage as the stream of wounded 
men came in they were sorted out and passed 
down to the mobile and evacuation hospitals. 
Again the major attention and time were 
given to the severely wounded while the lightly 
wounded received either delayed treatment or 
were sent directly on with a mere change of 
dressing. These were the men, however, who, 
if they could have had operative treatment 
early, might have rejoined their units within a 
few weeks. Of the patients with severe injur- 
ies of the head, chest, belly or with compound 
fractures and tight calves, very, very few ever 
resumed active duty. 
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So much for the past. Can we profit by 
that experience in planning for the days that 
lie ahead? In times of retreat and especially 
the conditions the British faced in the days 
preceding Dunkirk little can be planned or 
carried out. The main problem is to get the 
wounded away at all. Any operative treat- 
ment must be delayed until they have been 
brought a long way to the rear. In stationary 
warfare or in times of an advance, hospital 
facilities can be brought reasonably close, and 
operative treatment carried out early. 

The surgical care of the lightly wounded 
varies from that of the more serious cases in 
several ways. Many of the latter patients need 
attention before they come to the operating 
table, hence the need for resuscitation wards 
for combatting shock. Such a measure is un- 
necessary for the lightly wounded. In the 
operating room there are three periods: first, 
the preparation of the patient and the induc- 
tion of anesthesia; second, the operation itself; 
and third, the application of dressings and 
splints when necessary. In cases of major 
wounds the operation will require 60 to go per 
cent of the total time. One operator can use 
2 tables at the most, the next patient being 
prepared as he operates and the last stage of 
operation being carried out by an assistant as 
the operator starts anew. With the minor 
wounds the time of operating may not be 
greater than that required for preparation and 
may be even less. One surgeon could handle 3 
or possibly 4 tables with the appropriate num- 
ber of assistants. While 1 serious case an hour 
can be used as a general figure for what one 
surgeon could handle, with proper assistants 
he could operate on 6 to 8 minor cases. 

After operation the serious cases will need a 
good deal of careful attention for hours and 
even days. The organization of postoperative 
wards and personnel is quite different from 
that needed for the later care of the minor 
wounds. Many of the patients with serious 
injuries are actually nontransportable for days 
and will do much better if they are not moved 
for a much longer period. Most of the patients 
with minor injuries could be transported with- 
in a few hours or a few days at most. There- 
fore, is it not worth considering to arrange for 
entirely separate units to handle these 2 
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groups of cases? Each unit should be planned 
and organized according to the needs of the 
group assigned to it. As the stream of wound- 
ed starts back the two groups should be sepa- 
rated early. A large majority of the lightly 
wounded might be transported back in the 
supply trucks on their return journeys, the 
ambulances being used for the serious cases. 
Certain hospitals should be designated and 
planned only for the care of patients with 
minor injuries. Such hospitals should plan for 
a routine somewhat as follows. On arrival the 
patients would be examined by an experienced 
surgeon to pick out those sent by mistake who 
belong in the more serious group, and mechan- 
ism provided for their immediate transfer. 
The suitable cases then would go to the x-ray 
department for localization of foreign bodies. 
After this they would go to the preoperative 
ward for removal of clothing and rest until the 
operating theater was ready for them. In the 
operating room each surgeon would have 3 
tables at his disposal and 3 teams. The pa- 
tient would be placed on the first table, the 
first team preparing the field and giving the 
anesthetic. The same team would repeat this 
performance on the second and third tables. 
The surgeon and his assistant would follow 
after and débride the wound, treating by pri- 
mary suture or packing with or without the 
use of chemotherapy and dictating orders for 
later care. The third team would then take 
over, apply the dressing, bandages, and any 
necessary splint. The patient would then be 
taken to the postoperative ward. If the lighter 
forms of anesthesia were to be used, either 
inhalation or intravenous, immediate after- 
care of these patients would be much simpler 
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than that of the more serious cases and would 
require a smaller personnel in these wards. 
With the exception of some of the lower ex- 
tremity cases most of these patients would 
become ambulatory in a short period of time. 
This would simplify the feeding problem. At 
the time of operation the surgeon should be 
able to make a fair guess as to whether the 
patient should be retained or early returned to 
his unit or sent farther back for prolonged 
treatment. Final decision, of course, would 
have to be checked before discharge. This 
plan seems reasonable to me. In this way 
this “forgotten man’ might be remembered 
and his minor wound prove to be a minor 
affair and not a cause of months of disability. 

Many of us believe that the only kind of war 
casualties we will have to face in the near 
future, outside of the Navy, will be those re- 
sulting from bombs. Looking after the wound- 
ed civilian population may not be maintaining 
the fighting forces in the field and it may not 
be the duty of the Army Medical Corps, but 
it will have to be done. As plans are made to 
meet this emergency let us hope that such 
plans will include prompt attention to this 
group of lightly wounded. I was delighted to 
hear from a member of our staff who is now 
working in London that separate units have 
been established for this very purpose. 


CONCLUSION 


I feel strongly that the care of the lightly 
wounded as I saw it in France was greatly 
neglected. I sincerely hope that this will not 
occur when we have to meet the problem 
again. God grant that we do not have to, but 
should it come let us be ready for it. 








PENETRATING WOUNDS OF THE HEART 
AND PERICARDIUM 


R. ARNOLD GRISWOLD, M.D, F.A.C.S., and CHARLES HUGH MAGUIRE, M.D., 
Louisville, Kentucky 


OUNDS of the heart were recog- 
nized in Homeric times, but none 
was successfully sutured until 
1896. The history of the inter- 
vening 2500 or so years of speculation, ex- 
periment, and trial has been related by 
Ricketts, Cutler and Beck, and by Elkin (10) 
and need not be repeated here. Since the first 
successful operation by Rehn in 1896, the 
recognition and treatment of this condition 
has become more frequent, until today hardly 
a month goes by without the report of success- 
ful suture of a cardiac wound. Review of the 
many single case reports in the literature 
probably gives an optimistic view of the mor- 
tality, since unsuccessful single cases are 
seldom reported. The results of a question- 
naire, sent out by Bigger (5), to the members 
of the American Association for Thoracic 
Surgery, the American Surgical Association, 
and the Southern Surgical Association showed 
a mortality of approximately 50 per cent in 
141 patients. Bigger (6) and Elkin (10), have 
reported series of 25 and 38 cases with mor- 
tality of 36 and 42 per cent in those cases 
which presented an opportunity for diagnosis 
and treatment. Prior to 1933, 3 wounds of the 
heart were recognized and operated upon at 
the Louisville City Hospital by Sherrill in 
1913, Hill (7) in 1926 and Cox in 1927, the last 
case having successful termination. Since 
1933, from 2 to 8 cases have been seen yearly. 
This large number probably indicates not so 
much an increase in the number of heart 
wounds as it does an increased awareness of 
and interest in, the condition, since the diag- 
nosis depends primarily upon keeping in mind 
the possibility of cardiac injury in every case 
of wound of the thorax. Elkin states that at 
Emory University 2 per cent of the pene- 
From the University of Louisville Schoo] of Medicine and the 
Louisville City Hospital. 


Presented before the Clinical Congress of the American Col- 
lege of Surgeons, Boston, November 3-7, 1941. 


trating wounds of the chest injured the heart. 
In Bigger’s experience, 0.1 per cent of ad- 
missions to his surgical service in Richmond 
are wounds of the heart. These figures closely 


approximate our findings at the Louisville 7 


City Hospital. 
PATHOLOGY 


Wounds of the heart may, of course, be 
caused by any sharp instrument or projectile. 
The weapon and the type of wound vary ac- 


cording to the local customs of the civilian | 


population, or current military practice. In 
our experience, the knife, pistol, and ice pick 
have been the most frequent weapons. A 
weapon or projectile may reach the heart from 
an entrance anywhere on the chest or even the 
upper abdomen. In most cases, however, the 
wound of entrance is between the second and 
seventh left costal cartilages anteriorly, 
usually traversing the left pleura. Occasion- 
ally the heart is reached from a wound of the 
posterior thorax. The right ventricle is the 


most frequently injured on account of its F 
anterior position. Next in order of frequency | 
are the left ventricle, the auricles, and the | 


intrapericardial portions of the great vessels. 
Sucking wounds of the pleura are not un- 
common. Injury to the peripheral portion of 
the lungs is frequent but usually of little 
moment. 

Wounds of the heart may or may not pene- 
trate the cavities. Bleeding from coronary 
vessels and the heart muscle, while not so 
profuse as when the chambers are opened, is 
surprisingly brisk and may be rapidly fatal. 
The consequences of cardiac hemorrhage are 
due, in the main, to tamponade and ex- 
sanguination. The alternative between tam- 
ponade and exsanguination depends upon the 
relative flow capacities of the cardiac wound 
and the opening in the pericardium. Blood 
escaping from the heart fills the pericardium 
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and increases the intrapericardial pressure if 
denied free egress. Compression of the great 
veins at the base of the heart backs up the 
venous inflow and compensatory increase in 
venous pressure results. The blood pressure 
falls and the systolic and diastolic pressures 
tend to approximate each other because the 
heart is handling less blood. When the in- 
creasing venous pressure cannot overcome the 
intrapericardial pressure, circulatory arrest 
occurs. As little as 200 cubic centimeters of 
blood may cause fatal tamponade quickly if 
it escapes rapidly into the pericardium. On 
the other hand, a slow leak, as from an ice pick 
wound, may produce fatal tamponade several 
days later, as in Case Ag. If the opening in the 
pericardium is of such size and location as to 
permit free and unimpeded flow to the ex- 
terior or into the pleura, tamponade does not 
occur but fatal hemorrhage ensues unless it is 
checked. As might be expected, many pa- 
tients with large cardiac wounds and massive 
hemorrhage succumb before surgical aid is 
available. Death may occur in the hospital 
during the few minutes that it takes to make 
the diagnosis and start operation, even with 
the best organization. 

Often the two conditions, tamponade and 
hemorrhage, occur simultaneously when the 
hole in the pericardium allows large quantities 
of blood to escape but not fast enough to de- 
compress the rapidly filling pericardium. 
Occasionally, tamponade and extrapericardial 
bleeding occur alternately. In 2 cases in our 
series, increasing tamponade was evident 
until the intrapericardial pressure apparently 
reached the point where it could force open 
the communicating wound into the pleura. 
Spontaneous drainage into the pleura relieved 
the symptoms of tamponade, which recurred 
however, within a few minutes. Several such 
cycles were observed and, in 1 patient, could 
be brought about by changing position, which 
probably opened the wound in the pericardi- 
um. In a small proportion of cases, bleeding 
from the heart is small in amount and ceases 
spontaneously. If the pericardial opening in 
such cases allows decompression, recovery 
will ensue without surgical treatment. 

Cerebral damage may occur as a result of 
emboli thrown off from mural thrombi in the 
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cardiac chambers, or as a result of cerebral 
anoxemia produced by neglected tamponade. 
The intracranial pressure closely parallels the 
high venous pressure and, in Case Ar of our 
series, reached 400 millimeters of spinal fluid. 
This high intracranial pressure and coexisting 
low blood pressure reduce the flow of blood 
through the brain so that harmful and even 
fatal cerebral anoxemia may occur. Extra- 
pericardial hematomas may produce enough 
compression of the heart to give rise to 
tamponade. Such hematomas most frequently 
arise from division of the internal mammary 
artery, as in Cases C1, C4, and C7. 


DIAGNOSIS 


The diagnosis depends primarily upon an 
alert house staff keeping in mind the possi- 
bility of cardiac injury in every case of wound 
of the chest, no matter how trivial. This is 
especially true when the evidence of shock is 
out of proportion to the apparent severity of 
the wound or loss of blood. Acute alcoholism 
often clouds the picture and, in our series, was 
present in all but 2 cases. When acute tam- 
ponade is present, Beck’s triad of acute cardiac 
compression is found. This triad consists of 
(a) falling arterial pressure, (b) rising venous 
pressure, and (c) small, quiet heart (4). The 
patient appears to be in shock. The blood 
pressure, and particularly the pulse pressure, 
are low or unobtainable. The pulse is weak 
but not so rapid as might be expected unless 
there is considerable hemorrhage. Heart 
sounds are weak and distant. Increased 
venous pressure is evidenced by distended 
neck veins and cyanosis is often present. 
Direct measurement of the venous pressure 
at the elbow, by use of a water spinal manom- 
eter filled with 21% per cent sodium citrate or 
normal saline solution, shows an increase 
often to 250 millimeters or more. Delirium, 
stupor, unconsciousness, or hemiplegia may 
occur, due to alcoholism, cerebral anoxemia, 
or emboli. Fluoroscopy is of the greatest 
value in diagnosis and clearly shows dimin- 
ished or absent pulsation of the heart shadow. 
If available, a roentgen kymogram is of great 
aid. 

When massive cardiac hemorrhage into the 
pleura is occurring, the exact diagnosis of 
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Fig. 1. A transverse incision is made over the interspace 
where the wound of entrance is located and the wound of 
entrance is excised with the incision. The vertical portion 
upward, downward or both is added later if necessary. 
Incision is always made on the left, except when the wound 
of entrance is far to the right. 


wound of the heart may be more difficult, but 
the indications for immediate operative inter- 
vention are clear and imperative. Bleeding 
from the parenchyma of the lung in wounds of 
the thorax may be massive but is slow and 
seldom requires operative hemostasis. On the 
other hand, free bleeding from the heart, 
great vessels, internal mammary, or inter- 
costal arteries is fast and profuse. Rapidly 
progressive shock is present early and death 
may quickly ensue unless hemorrhage is 
checked. We believe, therefore, that in the 
presence of increasing hemothorax and rapidly 
progressive fall in blood pressure, particularly 
with a precordial wound, exploration should 
be carried out at once, for even though the 
heart be intact, the arrest of hemorrhage from 
other structures is imperative. 


TREATMENT 


Once the diagnosis and the decision to inter- 
vene are made, operation should be immediate 
and no preoperative treatment for shock or 
other condition should be allowed to delay 
operation. Intravenous fluids, particularly 
blood, should be administered when hemor- 
rhage has occurred but are of little value pre- 
operatively in case of tamponade. Morphine 
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Fig. 2. After clearing of soft parts from the costal 
cartilage, a Doyen raspatory is introduced about the 
cartilage, close to the sternum, and pushed smartly in a 
lateral direction. This strips the soft tissues from the rib 
and enables one to do a rapid resection without injuring 
the pleura or the internal mammary artery since, if cor- 
rectly inserted, the instrument invariably enters the 
proper plane of cleavage superficial to the pleura. 


is used sparingly, particularly in the presence 
of alcoholism and tamponade, because of its 
effect upon an already depressed respiratory 
center. Aspiration of the pericardium as 
recommended by Bigger may be a lifesaving 
measure to tide the patient over while prep- 
arations are made for operation. Speed, but 
not haste, in preparing for operation is essen- 
tial. Every large general hospital should have 
available at all times a sterile setup of instru- 
ments and linens, and the operating room, 
with at least one nurse and orderly in at- 
tendance, should be open 24 hours a day. No 
short cuts should be taken, however, in the 
scrub up of the team or the preparation of the 
field of operation. Undue haste here may be 
followed by empyema and pericarditis later. 
We have had no deaths from infection, and 
believe that this is the result of the same care- 
ful preparation as is used for any elective 
procedure. 

A minimum of inhalation anesthesia is ad- 
visable, although oxygen under positive 
pressure is usually necessary on account ol 
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the open pleura. The soporific effects of shock, 
tamponade, or alcoholism are generally pres- 
ent, but deeper anesthesia is often necessary 
after the release of tamponade. Our prefer- 
ence is for intercostal novocain block, usually 
of the third to sixth nerves, supplemented by 
oxygen and the minimum of nitrous oxide. 

The incision should be one which permits 
rapid and adequate exposure of the heart and 
is made to the left of the sternum unless the 
wound of entrance is far to the right. This is 
best accomplished by a generous transverse 
incision over the interspace in which the 
wound is located. The wound of entrance is 
excised with this incision. The transverse in- 
cision may be joined, when necessary, by a 
vertical incision over the sternum (Fig. 1). 
The costal cartilages above and below the 
incision are exposed and resected with about 
1 inch of rib, by the method described by 
Meyer: “Previously, subperiosteal resection 
of the ribs with a pleura often as thin as a 
spider’s web, was a task, especially in a 
moribund patient, extremely trying. The 
operation must be carried out with meticulous 
care and yet with great rapidity. . .. However, 
one can resect the ribs in a few seconds and 
the steps of the operation are simple and the 
pleura is not opened or injured. . . . The 
sternum must be exposed more than usual... . 
The raspatory is introduced quite close to the 
sternum at the cartilaginous portion of the 
rib... . This takes only a few seconds. Fat 
lies beneath, loose, and can readily be pushed 
aside. Here the Doyen raspatory is brought 
into play. 

“It is inserted medial to the internal 
mammary artery and when pushed further 
in a lateral direction we resect the ribs extra- 
pleurally as far as necessary and without 
danger to the pleura, because in this layer, 
the pleura is surprisingly easy to remove” 
(Fig. 2). The internal mammary vessels are 
ligated and divided and the triangularis 
muscle and endothoracic fascia opened. The 
pleura is reflected from the pericardium by 
blunt dissection, beginning at the lower angle 
of the wound. Often this may be done by 
inserting the finger between the pericardium 
and pleura in the triangle of safety where the 
pericardium is uncovered by pleura. The 





e d f a b c 
Fig. 3. Autotransfusion outfit used in all cases of 
hemorrhage into body cavities: a, Pool suction tip; b, 500 
cubic centimeter bottle with two-hole stopper containing 
citrate solution; c, tube running to operating room suction; 
d, 1000 cubic centimeter graduate; e, funnel with gauze 
filter; f, intravenous outfit with Murphy drip. 


finger is then swept cephalad, easily separating 
the two structures. As much as necessary of 
the sternum is rongeured away. If additional 
exposure seems advisable on account of an 
oblique wound, the vertical limb is added to 
the incision upward, downward, or both, turn- 
ing back triangular flaps which allow the re- 
moval of additional cartilages. If tamponade 
is present, the blood-filled pericardium will be 
tense, blue, and quiet. If the opening in the 
pericardium is large, it may usually be exposed 
and is best enlarged with the least damage to 
the heart, by gently but firmly spreading it 
with the fingers. If no opening is seen, the 
pericardium is nicked carefully after lifting it 
with forceps or stay sutures and this opening 
spread as above. 

Clots are quickly scooped out of the peri- 
cardium with the fingers and liquid blood re- 
moved by suction into the autotransfusion 
outfit (Fig. 3). With release of the tamponade 
the force and rate of the heart beat increase 
and bleeding becomes profuse, so that con- 
tinuous suction is used from now on until the 
heart has been sutured. 

Unless the wound is immediately visible and 
easily accessible, it is best to ignore the bleed- 
ing and insert a fine silk traction suture into 
the apex as advocated by Beck (2). There is 
nothing more disconcerting than to hold in 
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Traction suture at apex, steadying heart while 


Fig. 4. 
fine silk suture is being passed under finger which has been 
placed over the wound. Insert shows method of inserting 
mattress suture to avoid coronary vessel when wound is 
close to vessel. 


one’s hand a writhing, jumping heart and 
blindly attempt to find a wound deep in a 
gushing whirlpool of blood. The insertion of a 
traction suture converts this stage of the op- 
eration from futile blundering into an orderly 
process. The traction suture steadies the 
jumping organ so that a finger may be placed 
over the opening temporarily to staunch the 
flow. A word of warning to those inex- 
perienced in cardiac surgery is necessary at 
this point. If held rigidly, the traction suture 
cuts through the myocardium with each 
systolic contraction. The hand holding the 
suture must therefore relax elastically with 
each beat, steadying but not fixing the heart. 
The finger must be placed over but not into 
the wound. One’s natural tendency to insert 
the finger as a cork will only result in further 
laceration of the myocardium. 

With the finger over the wound as tem- 
porary patch, a fine silk suture threaded on a 
French eye needle is inserted across the 
wound beneath the finger (Fig. 4). Slight 
traction on this suture holds the wound closed 
after the finger is removed and allows other 
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necessary sutures to be inserted. None of 
these sutures must be so deep as to penetrate 
the endocardium, on account of the increased 
risk of mural thrombi. They should be tied 
only tight enough to give hemostasis and must 
avoid strangulation of the muscle. Injured 
coronary vessels may be covered with a small 
patch of pectoral muscle (3) if the vessel is not 
completely severed. Complete division oi 
large coronary arteries requires ligation by 
suture. Never attempt to grasp a bleeding 
coronary vessel with a hemostat. The closure 
of wounds close to large coronary vessels may 
present a problem. In Case Ar4, death re- 
sulted from occlusion of a large coronary ves- 
sel by the suture. This may be avoided easily 
by an ‘‘on-end”’ mattress suture beneath the 
vessel, as shown in Figure 4 insert. 

If the wound is on the right or posterior 
portion of the ventricles, it may usually be ex- 
posed by appropriate traction on the suture at 
the apex. If necessary, additional traction 
sutures well up on the ventricle may be used 
to rotate the heart to bring posterior wounds 
into view (Fig. 5). 

Hemorrhage from wounds of the auricles 
and great vessels may be controlled tem- 
porarily by a soft clamp, such as the Tren- 
delenberg artery clip or the Horsley arterio- 
venous fistula clamp, or even with ordinary 
hemostats prior to the placing of sutures. 

The blood collected in the autotransfusion 
bottles should, by now, be running into the 
patient’s veins. Any remaining blood in the 
pericardium and pleura is thoroughly sucked 
out for refusion. Autotransfusion in amounts 
up to 2500 cubic centimeters has been used in 
14 of our cases. With the use of the apparatus 
illustrated, it is a simple, rapid procedure 
which is often life saving. 

If there is already a free opening between 
the pericardium and pleura, this is left open 
and enlarged, if necessary, to allow adequate 
postoperative decompression of the pericar- 
dium into the pleura (11). This permits 
drainage of any remaining blood, as well as 
the increased pericardial fluid, which occurs 
after any operation upon the heart. Drainage 
to the exterior presents a real danger of infec- 
tion, as the draining fluid is sucked in and out 
of the drainage tract with each respiration. 
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The anterior pericardium is closed loosely 
with interrupted fine silk sutures. Tight 
closure is unnecessary and may be impossible 
or even harmful because of the cardiac dilata- 
tion which frequently occurs in these cases 
(1, 10). Soft tissues of the thoracic wall are 
closed firmly in layers with interrupted fine 
silk and the wound sealed with silver foil, 
after reinflation of the left lung by carefully 
applied positive pressure. 

Recently, we have implanted up to 5 grams 
of powdered sulfanilamide or sulfathiazol into 
the pericardium and pleura before closure, as 
these wounds are all potentially infected. 

Operation may sometimes be avoided in 
patients who have only mild tamponade and 
who do not have progressive intrapleural 
hemorrhage. These patients should, however, 
remain in the hospital and be confined strictly 
to bed until all danger of recurrent tamponade 
has passed. Frequently repeated observa- 
tions of blood pressure, pulse, and venous 
pressure should be made, as well as daily 
fluoroscopic examination, since late tam- 
ponade may occur as in Cases A3, Ag, A27. 
If tamponade is serious enough to require as- 
piration, as advocated by Bigger, open opera- 
tion with wound suture and drainage of the per- 
icardium into pleura is the treatment of choice. 


POSTOPERATIVE TREATMENT 


The patient is placed in an oxygen tent 
immediately after operation and is left there 
until his respiratory rate returns to normal. 
Fowler’s position is usually the most comfort- 
able and assists respiration. If shock has not 
been relieved by operation and autotransfu- 
sion, additional blood or plasma are indicated. 
Sufficient morphine should be administered to 
allay pain and restlessness, but not to depress 
respiration. Any remaining air and blood in 
the pleural cavity should be removed by 
thoracentesis to keep the lung expanded. This 
may be repeated at intervals as fluid re- 
accumulates, due to the irritating effect of 
blood on the serosa of the pericardium and 
pleura. The use of heparin, as suggested by 
Bigger, may be advisable, particularly when 
the weapon has pierced the endocardium. 
This may prevent deaths from embolism, such 
as occurred in Case A2t. 
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Fig. 5. Showing use of additional traction suture for 
rotating heart in either direction. Several such sutures 
may be used. 


PROGNOSIS 


The prognosis of wounds of the heart de- 
pends largely upon the character of the wound 
and the rapidity with which treatment is 
initiated. Undoubtedly, some patients die 
immediately because of disruption of the con- 
ducting mechanism of the heart. Many with 
large wounds succumb rapidly from hemor- 
rhage before they can be transported to the 
hospital. This is particularly true of gunshot 
injuries with wounds of entrance and exit, 
often involving more than one chamber of the 
heart, as well as important extrapericardial 
structures. However, at least half the cases of 
massive hemorrhage and almost all the cases 
of tamponade, survive for an hour which, ex- 
cept in rural districts, should be time for 
transportation, diagnosis, and treatment. All 
patients, who died in the Louisville City 
Hospital before or during operation, were 
cases of hemorrhage, except 2 deaths from 
tamponade and 1 death on the table following 
occlusion of a major coronary artery. In 
those patients who survived operation, the 
most frequent fatal complication has been 
cerebral damage. This may be due to em- 
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bolism as in Case A21, or neglected tamponade 
and resultant cerebral anoxemia, as in Cases 
Ar, Ag, Ar2, and A1r8. In those patients who 
lived the symptoms and signs of cerebral 
injury have disappeared spontaneously within 
a few months without leaving residual dam- 
age. No cases of fatal infection have been 
observed. It is our opinion that infection is 
most often caused by undue excitement and 
haste in preparation, or by drainage of the 
pericardium externally. Clinical cardiac dis- 
ability has been uniformly absent after op- 
eration and there has been no indication of 
reduced cardiac reserve. Electrocardiograph 
changes are usual following wounds of the 
heart, and vary from minor irregularities of 
the T-wave to the typical picture of major 
coronary occlusion, as shown in Case A24. 
These abnormalities improve and sometimes 
even disappear within a few months. A 
detailed analysis of these changes is to be 
reported at a later time. 


CASES 


During the last 8 years, 47 patients with 
presumed or proved wounds of the heart have 
been admitted to the Louisville City Hospital. 
Fourteen of these have been reported pre- 
viously in detail, (1, 12, 13). Operations were 
performed by the senior author and, under his 
guidance, by the following resident surgeons 
at the Louisville City Hospital: J. M. Mayer, 
E. M. Drissen, H. G. Saam, V. A. Badertscher, 
C. M. Bernhard, C. M. Schroeder, C. H. 
Maguire, and E. S. Strode. In 7 cases, the 
presumption that the heart was wounded was 
not borne out, but interesting cardiac aspects 
justify their inclusion in this report. Death 
occurred in 13 cases within 20 minutes of ad- 
mission before operation could be started. In 
no case was operation delayed or refused, 
because of the moribund condition of the 
patient. Five of the patients operated upon 
were on the table within 20 minutes of ad- 
mission, having been brought directly from 
the accident room. In the 27 cases which 
presented an opportunity for diagnosis and 
treatment, there were 7 deaths, a mortality of 
25.9 per cent (Table I). Five were treated 
conservatively, with 1 death. This patient 
refused to stay in the hospital and died of 
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tamponade on the eleventh day. Twenty-two 
patients were operated upon, with 6 deaths. 
Two of these deaths were due to hemorrhage, 
1 on the table and 1 30 minutes after opera- 
tion. One died on the table following ligation 
of a major coronary artery and there were 3 
deaths 18 hours, 48 hours, and 5 days after 
operation, due to cerebral complications. Our 
mortality has decreased with experience, so 
that in the last 13 cases there has been but 
1 death. 


Case Ar. W. M. , A28283, colored male, aged 40 
years, with an ice pick wound in the left anterior 
axillary line in the sixth interspace, was seen in 
marked shock. No blood pressure was discernible, 
heart sounds were distant, pulse weak and 60 per 
minute. The patient had a lacerated scalp and 
other ice pick wounds and was observed for 18 hours 
and then prepared for subtemporal decompression 
because of hemiplegia and unconsciousness that had 
developed. Spinal fluid pressure was 400 milli- 
meters. Fluoroscopy showed wide round _ heart 
shadow. The pericardium was explored and ice pick 
wound of left ventricle with tamponade found. The 
patient never regained consciousness and died 18 
hours after operation, with cerebral manifestations 
and a terminal fever of 108 (13). 

Case A2. J. D., A29433, colored male, aged 22 
years, was sent directly from the emergency room to 
the operating room. There was a knife wound in the 
left anterior axillary line in the third interspace. The 
patient was in marked shock; no blood pressure was 
obtainable. Exploration revealed a 1 by 1%-inch 
laceration in the left ventricle and 3500 cubic centi- 
meters of blood in the left pleural cavity. He died 
on the operating table from exsanguination (13). 

Case A3. W. J., A31773, colored male, aged 35 
years, was seen with a stab wound in the seventh 
interspace 2 centimeters to the left of the sternum. 
Blood pressure was 98/70. Roentgenogram showed 
slight enlargement of heart shadow. On the second 
day the patient collapsed on getting out of bed and 
went into extreme shock; he recovered slowly. The 
same thing was repeated on the fourth day. He was 
discharged on the twelfth day and readmitted 6 days 
later with edema of scrotum and legs, distant heart 
sounds and enlarged shadow. Uneventful recovery 
took place (12). 

CasE A4. V. H., 34195, colored male, aged 38 
years, with a stab wound in the left anterior axillary 
line at the level of the sixth rib was admitted in 
marked shock. He improved under observation. 
X-ray picture showed wide heart shadow. Patient 
was observed for 22 hours and then exploratory 
operation carried out because of development of 
paradoxical pulse and right-sided twitchings. Lacer- 
ation of posterolateral wall of left ventricle was 
found and sutured. Recovery took place. Patient 
was discharged on the thirty-fifth day (13). 
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CasE As. W.C., 34388, white male, aged 11 years, 
with .22 caliber rifle wound in fourth interspace 3 
centimeters to the right of the sternum was seen in 
marked shock. No blood pressure was obtainable; 
pulse was 70, heart sounds distant. Fluoroscopy re- 
vealed slight enlargement of the heart shadow. A 
laceration in the upper lateral portion of the right 
ventricle was closed. Patient was discharged on the 
thirty-fifth day (13). 

CasE A6. J. S., 38543, colored male, aged 35 
years, was stabbed in the right chest with scissors. 
Sucking wound was present in the fourth interspace. 
Blood pressure varied greatly on observation. Venous 
pressure was 150 millimeters of water. X-ray film 
of chest revealed hemopneumopericardium with a 
definite fluid level. His hospital course was unevent- 
ful and patient was discharged on seventeenth 
day (13). 

CasE A7. C. T., 43640, colored male, aged 26 
years, with gunshot wound in the fifth interspace in 
the left anterior axillary line was seen in marked 
shock. No blood pressure was obtainable; heart 
sounds were distant; pulse 80 per minute. Wound in 
the lower portion of the left ventricle was found and 
sutured. No wound of exit was found. Recovery 
was uneventful. Patient was discharged on the 
forty-second day. X-ray film showed bullet in right 
iliac artery. Distal pulsation was absent but circula- 
tion adequate (12). 

Case A8. T. R., 44460, colored male, aged 17 
years, with laceration of chest, beginning in left 
fifth interspace in midclavicular line and extending 
across sternum to 2 centimeters on right was in 
moderate shock. Blood pressure was 74/50; pulse, 
100 per minute. Patient was operated upon within 
45 minutes after admission. Laceration of right 
auricle was found and sutured, but patient had lost 
too much blood and died 30 minutes after op- 
eration (12). 

CasE Ag. A. C., 44937, white female, aged 29 
years, was stabbed repeatedly with an ice pick. 
There was subcutaneous emphysema throughout 
most of the chest wall. Fluoroscopy showed en- 
larged cardiac shadow with decrease in pulsation. 
Patient refused to stay in hospital and died 11 days 
after injury while straining at stool. Autopsy re- 
vealed a puncture wound of the left auricle that had 
apparently oozed slowly and caused fatal tam- 
ponade (12). 

Case Aro. E. H., 43909, colored male, aged 48 
years, with 4 stab wounds in the third interspace on 
the left was in marked shock. Blood pressure was 
46/40; heart sounds, distant; pulse, paradoxical and 
80 per minute. Fluoroscopy showed enlarged heart 
shadow. Three lacerations in the left ventricle were 
sutured, and recovery was uneventful. Patient was 
discharged on the thirty-fourth day (12). 

Case Arr. F. W., As52994, colored female, aged 
28 years, was seen with stab wound in the sixth 
interspace just to left of sternum. Neck and arm 
veins were distended. Patient was in moderate 
shock; blood pressure was 80/60; heart sounds, 
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muffled; pulse paradoxial and too per minute. 
Laceration of right ventricle sutured. Recovery was 
uneventful. Patient was discharged on the twenty- 
sixth day. 

CasE Ar2. L. R., 1623, white male, aged 27 years, 
was seen with 6 centimeter laceration in the fourth 
interspace in the precordium. Heart sounds were 
distant; blood pressure, 40/0; pulse, 80 per minute. 
Neck veins were distended. Internal mammary and 
right auricle were lacerated. They were sutured 
successfully but patient remained unconscious and 
died at end of 48 hours with a terminal fever of 
108 degrees, due either to cerebral anoxemia or post- 
operative heat stroke. Autopsy showed the heart 
wounds to be sutured satisfactorily. 

Case A13. E. C., 2322, colored male, aged 23 
years, with stab wound in right fourth interspace 4 
centimeters from sternum was seen in marked shock. 
Blood pressure was unobtainable; heart sounds, 
quite distant; pulse, weak and recorded as 40 per 
minute. Laceration of right ventricle on the upper 
anterior aspect found and sutured. Recovery was 
uneventful. It is interesting, in this case, that there 
was moderate bleeding to the outside and when 
operation was carried out, it was found that there 
was obliteration of both pleural cavities. Patient 
was discharged on the twenty-sixth day. 

Case A14. M. L., 26018, colored female, aged 20 
years, with stab wound in fourth interspace 2 
centimeters to left of sternum was seen in marked 
shock. Blood pressure was unobtainable; heart 
sounds, distant; pulse, weak, 60 per minute. Lacera- 
tion of right ventricle was adjacent to the descending 
coronary artery. Coronary vessels were tied during 
suture of the wound. Typical acute cardiac dilata- 
tion and death on the table followed (1). 

Case Ars. C. B., 26804, colored male, aged 34 
years, with transverse laceration that involved the 
seventh and eighth costal cartilages and nicked the 
sternum was seen in marked shock. Blood pressure 
was unobtainable; no radial pulse palpable; heart 
sounds quite distant, 100 per minute. Laceration of 
the midportion of the right ventricle was sutured. 
Recovery was uneventful. Patient was discharged on 
the eighteenth day. 

Case A16. B. A., 3088, colored male, aged 34 
years, with stab wound in the sixth interspace just 
to the left of the sternum was seen in moderate shock. 
Blood pressure was 94/64; pulse, 96 per minute; neck 
veins, distended; venous pressure, 250 millimeters of 
water; heart sounds, muffled. Fluoroscopy revealed 
enlarged nonpulsatile shadow. Laceration of tip of 
the anterior surface of the right ventricle was 
sutured. Recovery was uneventful. Patient was 
discharged on the eighteenth day. 

Case A17. E. G., 29910, white female, aged 36 
years, had received three ice pick wounds in the 
third interspace just to right of sternum, also a 
wound in the posterior chest just to the left of the 
vertebrae. Blood pressure was 70/50; pulse, 120 per 
minute; neck veins, distended; venous pressure, 200 
millimeters of water; heart sounds, distant; patient 
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in mild shock. Fluoroscopy revealed enlarged non- 
pulsatile shadow. Wound in anterior portion of the 
aorta just above the valves was closed with 1 silk 
suture. Recovery was uneventful. Patient was dis- 
charged on the fifteenth day. 

CasE A1r8. L. S., 31825, colored male, aged 30 
years, walked into the emergency room and col- 
lapsed. He was in marked shock. Patient had re- 
ceived stab wound in the fourth interspace 4 centi- 
meters to left of the sternum. Blood pressure was 
78/60; pulse, 120 per minute. There was slight 
venous distention; venous pressure, 190 millimeters 
of water; heart sounds of fair quality. Fluoroscopy 
showed large nonpulsatile shadow and kymogram, 
Jimitation of ventricular excursion. There was 
laceration in the left ventricle with a hematoma over 
the anterior descending branch of the left coronary 
vessels. Infection of skin flaps developed and then 
osteomyelitis of the ends of the fourth and fifth ribs. 
There also developed a left facial weakness. Patient 
was discharged in 57 days with both these conditions 
cleared up. 

CasE Aig. S. W., 5186, colored male, aged 42 
years, had received stab wound just to the left of the 
ensiform cartilage. Patient was in marked shock; 
blood pressure, 44/0; muffled, irregular cardiac 
sounds; pulse, 60 per minute, paradoxical in type. 
Neck veins were distended, and venous pressure 260 
and 280 millimeters of water on successive readings. 
Fluoroscopy showed enlarged nonpulsatile shadow. 
Laceration of right ventricle on the anterior inferior 
aspect was sutured. Recovery was uneventful. 
Patient was discharged on the fifteenth day. 

Case A20. A.B.L., 77941, colored male, aged 17 
years, with stab wound in the fifth interspace just 
beneath the left pectoral fold was seen in profound 
shock. Blood pressure was 40/20; neck veins were 
distended; venous pressure was 280 millimeters of 
water; heart sounds, distant; pulse, 60 per minute. 
Fluoroscopy revealed large nonpulsatile shadow. 
Laceration of the left ventricle 3 centimeters in 
length was sutured. Recovery was uneventful. 
Patient was discharged on the fifteenth day. 

CasE A21. J. W. B., 80020, colored male, aged 23 
years, had received stab wound in the fifth interspace 
in left anterior axillary line. Blood pressure was 
60/40; pulse, 100 per minute. Neck veins were dis- 
tended; venous pressure was 190 millimeters of 
water; heart sounds distant with paradoxical pulse. 
Fluoroscopy showed enlarged nonpulsatile shadow. 
Laceration of lateral side of left ventricle was 
sutured. Patient died on the fifth day with complete 
right-sided hemiplegia. Autopsy showed large mural 
thrombus at the site of wound in endocardium and 
an embolus plugged left middle cerebral artery. 

CasE A22. L. J., 80755, colored male, aged 36 
years, had received ice pick wound in the third 
interspace 5 centimeters to the left of the sternum 
and 2 other wounds slightly above and lateral to this 
one. Patient was in shock. Blood pressure was 
60/50; pulse, 84 per minute. Heart sounds were 
distant; there was slight venous distention; venous 


SURGERY, GYNECOLOGY AND OBSTETRICS 


pressure was 110 millimeters of water; fluoroscopy 
showed enlarged nonpulsatile shadow. Exploration 
revealed tamponade and 2 wounds of the arch of the 
aorta. Recovery was uneventful. Patient was dis- 
charged on the thirteenth day. 

CasE A23. L. H., 80854, colored male, aged 39 
years, with gunshot wound of left chest in the fourth 
interspace was seen in marked shock. Pressure was 
40/0; pulse, 70 per minute; neck veins, slightly dis- 
tended; venous pressure, 180 millimeters of water; 
no audible heart sounds. Fluoroscopy revealed a 
wide nonpulsatile shadow and the bullet in the 
right lung. Exploration disclosed a_ fractured 
sternum and tamponade. The bullet had driven a 
fragment of sternum into the wall of the right ven- 
tricle. Recovery was uneventful. Patient was dis- 
charged on the fourteenth day. 

CasE A24. J. D. H., 51196, colored male, aged 19 
years with stab wound in the fourth interspace 4 
centimeters to left of sternum was seen in marked 
shock. Blood pressure was unobtainable; pulse, 80 
per minute. Patient was taken direct to operating 
room without fluoroscopy or venous pressure read- 
ings. A laceration of the left atrioventricular groove 
4 centimeters in length which had severed the 
anterior descending branch of the left coronary was 
sutured. Recovery was uneventful. Patient was 
discharged on the thirty-eighth day. Electrocardio- 
gram showed typical anterior coronary block. This 
has improved to the present date. 

CasE A25. J. C., 81194, colored male, aged 22 
years, was admitted 7 hours after having been 
stabbed in the sixth interspace just posterior to 
anterior axillary line. Patient complained of occa- 
sional precordial pain, slight dyspnea, moderate 
venous distention. Venous pressure was 150 to 160 
millimeters of water. Fluoroscopy showed wide 
cardiac shadow and kymogram showed decreased 
ventricular excursion. Patient was comfortable 
with exception of slight dyspnea. He was dis- 
charged on the ninth day. 

Case A26. W. H., 52765, white male, aged 25 
years, with stab wound 1 centimeter medial and 
below left nipple was seen in moderate shock. Blood 
pressure was 80/40; pulse, weak and rapid; heart 
sounds faint. Venous pressure was 160 millimeters 
of water. Fluoroscopy showed decreased pulsation. 
No hemothorax was present. Laceration of left 
ventricle 1.5 centimeters in length was sutured. 
Recovery was uneventful. 

CasE A27. J. T., 84218, colored male, aged 25 
years, was seen with 2 stab wounds in left third 
interspace 4 centimeters from midsternal line and 
just below xyphoid at left costal margin. There was 
no shock. Blood pressure was 130/80; pulse, 130. 
Venous pressure was 110 millimeters of water; 
sounds were normal except for succussion splash. 
X-ray film showed hemopneumopericardium. No 
operation was done. On the second day blood 
pressure was 86/60 and venous pressure 250 milli- 
meters of water. Spontaneous improvement oc- 
curred, however, and uneventful recovery ensued. 
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Case | Year Sex Age Weapon wound to Remarks 
operation 
ica | a | -s . | ‘Ioepick aa 18 hrs. LV Died 18 hours after operation cerebral damage 
"A2 | 1033 “M | 22 | Knife | 30 min. ware LV | Died On table from hemorrhage 
13 ~ 1933 S| ¥ a “Knife | No operation | | Lived | Hemopericardium, mild tamponade 
A | “se | MO 38 : Knife ae he. “TLV. | Lived | Hemiplegia, full recovery 
re s | sess M | Rifle — « 70 -+- min. RV Lived Stitch abscess, full recovery a 
“A 6 ~ 3934 1 “M + | 2 Scissors No operation Lived | Hemopneumopericardium 
A7 | 1033, “M | 26 | Pistol | 80 + min. Juv | Lived | Noexit. Bullet in iliac artery _ 
A 8 } 1935 M ‘ 2 Knife | 90 min. RA | Died | On table from hemorrhage 
A 7 5035 Ff q 20 Icepick No operation LA | Died | Refused treatment. Died in 2s dame 
Aro | ross | M | 48 |Knife | 2% hrs. RV | Lived | Three wounds of heart 
Att "1936 ‘ = ‘ ae | Knife in 2! hrs. a R\ Lived wy at es 
\r ‘10 37 " M : 7 ‘Knife | 20+ min. a RA Died 48 hours after operation cerebral damage 
Ais 7] ” 4037 i M 4 ey Knife ~ 4 20 + min. 7 RV Lived 
414 | 1938 | F | 20 | Knife |15+min. | RV | Died | Ontable. Coronary ligation 
irs | 1038 | M | 34 |Knife  |3hrs. | |RV_ | Lived 
~A16 - ~ 4938 a. re Knife ., Y 80 + min. | RV | Lived a — 
Ary ~ 1938 ai F ~ 36 | Icepick ani 75 min. 4 Aorta Lived pmnaieaees 
A183 y 39039 + M i“ ‘Knife. _ 2 hrs. nisi RV ; Lived Osteomyelitis of ribs. Facial palsy. Full recovery 
Arg | 1939 4 M | 42 Knife | go + min. |RV__ | Lived 
Aso ” 1940 1 % 17 ‘Knife | 70 + min. iLV Lived Coronary branch divided 
\21 pr M rs a3 A Knife | 100 min. “a LV Died 5 days after operation cerebral embolus i 
\ seek ss amd Icepick “] 2 hrs a Aorta | Lived i. a 
\23 q  sogt ‘i M af 39 } Pistol “t ‘80 min. R\ Lived “Heart lacerated by fragment of sternum aan 
A24 :¥ 10941 j M a 19 | Knife ‘oe +n. LVandA ‘Lived Anterior coronary occlusion sella 
A 25 . 1041 a a2 | Knife ae “No operation ‘Lived 7 Hemopericardium. Mild tamponade 
426 | 1o4r | M | 25 | Knife | 45 min. [LV | Lived 
acy | sees | | 25 | Knife | No operation | Lived Hemopneumopericardium 





Of the 13 patients who died before operation 
could be started, 7 were due to gunshot 
wounds. All succumbed within 20 minutes of 
admission and autopsies showed that all died 
of rapid massive hemorrhage, except 2 in 
which death was due to tamponade (Table II). 


Casr Br. J. L. W., 46313, colored male, with stab 
wound medial to the left nipple, was in profound 
shock on admission, and died within 20 minutes. 
Autopsy revealed a stab wound in the third inter- 
space g centimeters to left of sternum. There was 
3000 cubic centimeters of blood in the pleural cavity 
on the left. Right ventricle had a laceration 3 
centimeters in length near interventricular septum. 
The anterior descending branch of the right coronary 
had also been severed. 

Case B2. J. R., 44018, colored male, aged 43 
years, with gunshot wound in the fourth interspace 


10 centimeters to left of sternum, lived about 1o 
minutes after reaching the emergency room. Au- 
topsy revealed a gunshot wound of both walls of the 
right ventricle, a perforation of the aorta, 500 cubic 
centimeters of blood in the pericardial sac, and both 
pleural cavities full of blood. 

CasE B3. F. D., As5o0401, white male, aged 35 
vears, had received 2 stab wounds, one anteriorly in 
the third interspace just to left of sternum and the 
other in posterior axillary line at the level of the 
sixth rib. Patient was in marked shock and expired 
within ro minutes. Autopsy revealed laceration of 
left ventricle near the interventricular septum, 200 
cubic centimeters of blood in pericardial sac and 
2500 cubic centimeters of blood in pleural cavities. 

Case By. T. J., A60534, colored male, aged 24 
years, died on arrival on the ward. There was a gun- 
shot wound of left arm and the left chest in the sixth 
interspace in left anterior axillary line. Autopsy re- 
vealed the bullet to be in the right chest wall under 
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= ee 
| | Time from 
Case Year | Sex Age Weapon admission Location Remarks 
to death 
Br 5035 | M ? Knife 20 min. RV 3000 c.c. hemothorax 
B 2 1935 M 43 Pistol 10 min. R V and aorta Hemothorax _ 
B 3 1936 M 35 Knife 10 min. LV Hemothorax 
B4 1937 M 24 | Pistol On arrival Rand L V Hemothorax 
B 5 1937 M 30 | Knife On arrival LV Tamponade and hemothorax 
B 6 1937 M 24 Knife On arrival LV Hemothorax : 
B 7 1937 M 35 | Pistol On arrival RandL V Hemothorax 
B 8 1937 M 24 | Knife On arrival Aorta Hemothorax seis 
Bo 1939 M 22 Knife 5 min. LV Tamponade 
Bro 1940 M 45 Pistol 10 min. RV Hemothorax : 
Bir 1941 M 44 Pistol On arrival Aorta Hemothorax 
Br2 1941 M 30 | Pistol On arrival Pulmonary artery 
and L V Hemothorax 
B13 1941 M 24 Pistol 10 min. Rand L V Hemothorax a 























the fifth rib, 7 centimeters to right of sternum. There 
was 2000 cubic centimeters of blood in pleural 
cavities; pericardium was full and there was a wound 
through both ventricles. 

CasE Bs. S. W., B89301, colored male, aged 30 
years, with stab wound in the first interspace 2 centi- 
meters to left of sternum, died on admission to 
emergency room. Autopsy revealed acute tam- 
ponade. Pericardial sac contained 200 cubic centi- 
meters of blood. There were 1ooo cubic centimeters 
of blood in each pleural cavity. A laceration of the 
left ventricle near the atrioventricular groove was 
found. 

CasE B6. T. J., Booorr, colored male, aged 24 
years, with stab wound of the sixth interspace 14 
centimeters to left of sternum, died on admission to 
emergency room. Each pleural cavity contained 
1000 cubic centimeters of blood and pericardium was 
full. There was a laceration of wall of the left 
ventricle which extended into the interventricular 
septum. 

CasE B7. C. S., Bgo063, colored male, aged 35 
years, with gunshot wound at the sixth rib 2 centi- 
meters to left of sternum, was dead on arrival. There 
was 400 cubic centimeters of blood in pericardium 
and approximately 1000 cubic centimeters in each 
pleural cavity. There was a through-and-through 
wound of the heart involving both ventricles and the 
septum. 

Case B8. J. S., 11992, colored male, aged 24 
years, with stab wound just below midportion of left 
clavicle, was dead on arrival. Both pleurae were full 
of blood, pericardium contained 100 cubic centi- 
meters. There was a through-and-through lacera- 
tion of the ascending aorta just above the valves. 

Case Bo. D. McC., 78674, white male, aged 22 
years, with stab wound of the fifth intercostal space, 
just to left of sternum, arrived in emergency room 


breathing but died by the time he reached the ward. 
Acute tamponade was present with 450 cubic centi- 
meters of blood in pericardial sac and a 1.5 centi- 
meter laceration in wall of right ventricle 2 centi- 
meters from apex. 

Case Bro. R. G., 82850, colored male, aged 45 
years, had received gunshot wound of the sixth 
intercostal space 2 centimeters to left of sternum, 
with a wound of exit posteriorly 6 centimeters to left 
of midline at level of the twelfth rib. Patient expired 
in 10 minutes. There was a wound of the right 
ventricle which was 3 centimeters from the apex and 
1000 cubic centimeters of blood was in each pleural 
cavity. 

Case Bit. L. B., 83162, colored male, aged 44 
years, with gunshot wound in anterior axillary line 
with no wound of exit, was dead on arrival. There 
was a laceration of the aorta 6 centimeters above the 
valves with 500 cubic centimeters of blood in peri- 
cardial sac, 1500 cubic centimeters of blood in left 
pleural cavity, and 1700 cubic centimeters in the 
right. 

CasE Br2. L. E., 83641, colored male, aged 30? 
years, with gunshot wound of the second interspace 
in left midclavicular line, expired on arrival. There 
was a wound along the wall of the left ventricle and 
of the posterior wall of the pulmonary aorta. There 
was 300 cubic centimeters of blood in pericardium 
and 1200 cubic centimeters of blood in each pleural 
cavity. 

CasE B13. J. P., 37803, colored male, aged 24 
years, had received gunshot wound at left sternal 
border in the fifth intercostal space. Heart sounds 
were distant. There was no palpable pulse; blood 
pressure was not discernible. Patient died in 10 
minutes while being prepared for operation. Through- 
and-through wound of both ventricles was present 
with hemothorax of 3000 cubic centimeters. 
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TABLE III. 

Case Year Sex Age Weapon Result ] Remarks 

a Cr 1934 F 43 Knife Lived Venous pressure 250 extrapericardia] hematoma 

* C2 1937 F 31 | Pistol Died Wound of pericardium and diaphragm 

C3 1937 M 25 | Knife Died Internal mammary hemorrhage and hemothorax 

C4 1937 M 29 | Knife Died Internal mammary hemorrhage and extrapericardial hematoma 
Cs 1938 M 4° | Knife Lived Acute cardiac dilatation 
C6 1940 M 32 | Pistol Lived Hemothorax 

__Cy 1941 M 24 | Pistol 3 Lived Extrapericardial hematoma 























Of the 7 cases in which the presumption of 
wound of the heart was not borne out at op- 
eration, 3 had tamponade due to the pressure 
of extrapericardial hematomas. In 2 there 
was massive intrapleural arterial hemorrhage 
and in 1 a wound of the pericardium and dia- 
phragm but not of the heart. The most inter- 
esting of this group, Case C5, acute cardiac 
dilatation, relieved by pericardiotomy, has 
been discussed in detail by Badertscher 
(Table ITI). 

Case Cr. H. T., 38700, colored female, aged 43 
years, with stab wound in the fourth interspace 5 
centimeters to left of sternum was seen in moderate 
shock. Blood pressure was 68/20; pulse, 82 per 
minute; venous pressure, 250 millimeters of water. 
There was present a laceration of pericardium and 
about 100 cubic centimeters of blood in pericardium 
but no definite cardiac wound. However, there was 
a large extrapericardial hematoma from the internal 
mammary artery with pressure on the pericardium, 
causing tamponade. Course was uneventful. Pa- 
tient was discharged on the twenty-fourth day. 

Case C2. E. R., A57031, colored female, aged 31 
years, had received pistol wound in the fifth inter- 
space 1 centimeter to left of sternum, exit posteriorly 
in the seventh interspace. Patient was in marked 
shock. Blood pressure was unobtainable; heart 
sounds, distant; pulse, 100 per minute. Progress was 
progressively downward. Patient was taken to 
operating room after 2 hours, and exploration re- 
vealed an old adhesive pericarditis. The bullet had 
torn off some of the inferior part of the pericardium 
but there was no definite cardiac wound. The bullet 
had then perforated the diaphragm medial to the 
wound in the pericardium. Patient died 24 hours 
after operation, never coming out of shock. 

CasE C3. C. B., A59647, white male, aged 25 
years, with sucking stab wound in left sixth inter- 
space, was not in shock, but was explored because of 
position of the wound. Exploration revealed the left 
internal mammary artery severed but no heart 
wound. Patient died on the seventh day, apparently 
from secondary hemorrhage. 

Case C4. E. R., A59647, colored male, aged 29 
years, with stab wound in the third interspace 3 


centimeters to right of sternum, was in marked 
shock. Blood pressure was 84/50; sounds were of 
good quality; there was slight venous distention. 
Exploration revealed the right internal mammary 
cut and 1ooo cubic centimeters of blood in right 
chest. Patient died on the fourth day after op- 
eration. 

Case Cs. W.O.S., 25733, colored male, aged 40 
years, had received stab wound in the third inter- 
space 2 centimeters to left of sternum. Blood 
pressure was 82/50; pulse, 70 per minute. Sounds 
were distant; slight venous distention was present; 
moderate shock. No pericardial wound was found 
but pericardium was quite tense and when it was cut 
the heart bulged into the opening and blood pressure 
came up to a normal level. Patient had an unevent- 
ful recovery and was discharged on the fifteenth day. 
(Discussed in detail by Badertscher.) 

Case C6. W. H., 81802, white male, aged 32? 
years, with gunshot wound of the fifth interspace 5 
centimeters to left of sternum, was seen in marked 
shock. Blood pressure was 40/20; pulse, 100 per 
minute; slight venous distention present. Fluoros- 
copy revealed no definite cardiac pulsation and the 
left chest was full of blood. No cardiac wound found 
on exploration. Left chest contained 1000 to 1500 
cubic centimeters of blood. Patient signed out of 
hospital on the sixth day, but prior to that time his 
course had been uneventful. 

CasE C7. S. W., 14929, colored male, aged 24 
years, with gunshot wound in the third interspace 5 
centimeters to left of sternum, was seen in marked 
shock. Blood pressure unobtainable; slight venous 
distention present; pulse, 120 per minute. Fluoros- 
copy showed no definite cardiac pulsation. Opera- 
tion disclosed no definite cardiac wound, but a 
hematoma from left internal mammary artery 
causing tamponade. Recovery was uneventful. 
Patient was discharged on the eleventh day. 


SUMMARY 
Reports of successfully treated wounds of 
the heart are becoming more frequent because 
of better diagnosis and more aggressive treat- 
ment. Death usually occurs from either 
massive hemorrhage or tamponade. Most of 
the patients who die before operation succumb 
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to hemorrhage, usually due to gunshot 
wounds, although in our experience several 
patients with massive hemorrhage from gun- 
shot wounds have survived following very 
early operative treatment. Patients with 
tamponade are much more likely to live long 
enough for treatment to be instituted and in 
only 2 of our preoperative deaths was this 
caused by tamponade. Of the 27 patients in 
our series who were alive 20 minutes after 
admission to the accident room, there were 7 
deaths. This is a mortality of 25.9 per cent in 
those cases which presented an opportunity 
for diagnosis and treatment. That the results 
improve with experience is shown by the fact 
that in the last 13 of these cases, there has 
been but 1 death. Cerebral damage, due 
either to embolism or to anoxemia from neg- 
lected tamponade, has been the most fre- 
quent postoperative complication. No residual 


cardiac disability has been observed in pa- 
tients who recovered. Acute cardiac tamponade 
may be produced by extracardiac lesions, 
such as hematomas. 


REFERENCES 

BADERTSCHER, V. A. Am. J. Surg., 1940, 50: 367. 

Beck, C. S. Arch. Surg., 1926, 13: 205. 

Idem. J. Am. M. Ass., 1931, 97: 824. 

Ibid. 1935, 104: 714. 

BicGer, I.A. Thoracic Surg., 1939, 8: 239. 

Idem. South. M. J., 1940, 33: 6. 

Cox, D. M. Arch. Surg., 1928, 17: 484. 

CuT Ler, E. C., and Beck, C. S. Nelson Loose-Leaf 
Living Surgery, Vol. 4, p. 233. New York: Thomas 
Neslon & Sons, 1927. 

go. Exxin, D.C. J. Am. M. Ass., 1938, 111: 1750. 

10. Idem. Ann. Surg., 1941, 114: 169. 

11. GRISWOLD, R. A. J. Am. M. Ass., 1936, 106: 1054. 

12. GriswoLp, R. A., and Drissen, E. M. Kentucky 

M. J., 1936, 34: 471. 

13. Mayer, J. M. Surg., Gynec. & Obst., 1936, 62: 852. 
. Meyer, A. W. Surg., Gynec. & Obst., 1930, 50: 891. 

15. Ricketts, B. M. The Surgery of the Heart and Lungs. 

New York: The Grafton Press, 1904. 

16. SHERRILL, J. G. Personal communication. 


arPwnr re 


o> 
o 


oom! 


5 
= 
i 
¢ 
, 


; 
} 





eal Rc lb sas 


pre wile 








W 
Ol 


d 
o1 


of 





es 
7 
¢ 
ie 
x 


| 





SUS ees Me 








NONPENETRATING TRAUMA OF THE ABDOMEN 





WILLIAM L. ESTES, Jr., A.B., M.D., Bethlehem, Pennsylvania 


RAUMA to the abdominal viscera 

without laceration or penetration of 

the abdominal wall or with incom- 

plete penetration presents a particu- 
larly fascinating problem and challenge to the 
surgeon, because of: (1) the high mortality 
attending laceration or rupture of the viscera; 
(2) the comparative infrequency with which 
the individual surgeon encounters abdominal 
trauma; (3) the frequent difficulty in making 
an accurate diagnosis of a serious lesion be- 
cause of the apparently inconsequential or 
obscure initial symptoms; (4) the possibility 
of a variable latent period before evidence of 
extensive visceral damage appears; (5) the 
need for the recognition of the pitfalls in 
diagnosis and treatment if the extraordinarily 
high mortality is to be lowered. 

Injury to the abdomen may result in: (1) a 
simple laceration or puncture of the abdomi- 
nal wall, which does not perforate into the 
peritoneum; (2) a penetrating or perforating 
wound; (3) a contusion or subcutaneous rup- 
ture only of the abdominal wall; (4) a con- 
tusion, laceration, or rupture of an intra-ab- 
dominal organ or structure with no evidence 
of external injury; (5) any combination of the 
above four lesions (Levering). 

Nonpenetrating trauma of the abdomen 
will include, then, a contusion or subcutane- 
ous rupture of the abdominal wall, or a con- 
tusion, laceration, or rupture of intra-ab- 
dominal viscera or blood vessels, either with- 
out external injury or with a superficial un- 
related nonpenetrating laceration. 


MORTALITY 


Mortality in subcutaneous abdominal vis- 
ceral trauma is high largely because of the 
frequency of multiple major injuries which 
are inevitably and rapidly fatal. However, 
the reported mortality rate in recent years has 
shown a definite decrease. This decrease 
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seems due to improvement in methods of 
diagnosis and better recognition of the thera- 
peutic indications, especially the appropriate 
time for surgical interference. 


TABLE I.—MORTALITY 


Mortality 

Author Years No. cases __ per cent 
5. rr 1885-1890 60-70 
2. eee 1900 30 
I aoa oes eas es 1933 126 21.9 

to 
Lewis and Trimble... . 1936 140 20 
pO et re 79 13.9 
INCIDENCE 


The incidence of subcutaneous trauma of 
the abdomen as compared to injuries else- 
where in the body is low. In a 5 year period, 
2217 injuries of all types were admitted to our 
clinic only 32 (1.4 per cent) of which had non- 
penetrating abdominal trauma. Cody reports 
similarly 5744 accidental deaths in Iowa 
during a 3 year period, 53 (0.9 per cent) of 
which were the result of subcutaneous ab- 
dominal trauma. A higher rate of occurrence 
might be found in densely populated areas 
where the likelihood of this type of injury as a 
result of motor accidents would be greater. 
However, it is obvious that nonpenetrating 
abdominal trauma is not too frequently en- 
countered except possibly in hospitals de- 
voted largely to traumatic surgery. 


ETIOLOGY 


Abdominal trauma may result from: (1) an 
anteroposterior or a lateral squeezing, or a 
direct blow, crushing a viscus between the in- 
strument of force and the spine or rupturing 
an organ or the diaphragm by a great in- 
crease of intra-abdominal pressure; (2) a 
tangential force, moving the bowel or other 
viscus beyond its limits of mobility causing 
tears in mesentery, etc.; (3) compression of 
fluid or gas in a single loop of intestine; (4) 
fragments of pelvic bones, rupturing or punc- 
turing the bladder and rectum; (5) falls at 
play, at work, or at home. Motor and indus- 
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trial accidents, athletic injuries, and falls in the 
home are the most frequent causes. Of Bailey’s 
100 cases, 76 were due to transportation 
accidents (60 motor), the 24 remaining to indus- 
trial or athletic accidents, or falls in the home. 


PATHOLOGY 


In mild cases, usually without evidence of 
superficial contusion, there may be a hema- 
toma deep in the abdominal muscles, second- 
ary to a laceration of a muscle or a blood 
vessel, a retroperitoneal hematoma, hemor- 
rhage into the mesentery or omentum or 
beneath the capsule of liver, spleen, or kidney, 
or subserosal hemorrhage of stomach or in- 
testine. It is this group that definitely may 
be treated conservatively. The frequency 
with which mild indeterminate trauma is 
found has been variously reported: in 45 (30 
per cent) of 140 cases by Lewis and Trimble, 
41 (54 per cent) of 76 cases by Just, and 36 
(38 per cent) of 94 cases in our series. 

Crushing and severe injuries produce par- 
ticularly laceration or rupture of the liver, 
spleen, pancreas, kidney, small or large in- 
testine, stomach, diaphragm, bladder, gall 
bladder, omentum, or mesentery often accom- 
panied by fracture of the pelvis, spine, or ribs. 
Numerous reports of obscure and rarer lesions 
have also been recorded such as: (1) hemoperi- 
toneum due to subcutaneous rupture of the 
iliac vein; (2) mesenteric thrombosis; (3) rup- 
ture of a gastric ulcer; (4) avulsion of the gall 
bladder; (5) pancreatic cyst; (6) tuberculous 
peritonitis, following rupture of an intra- 
peritoneal tuberculous abscess. 


DIAGNOSIS 


The successful outcome of most cases 
hinges upon the sagacity and diagnostic 
acumen of the attending physician. Clini- 
cally, abdominal trauma may be classified 
into three groups: (1) severe multiple injuries 
which are rapidly fatal and for which no 
treatment is of avail; (2) cases that obviously 
require immediate operation; (3) cases in 
which the diagnosis is doubtful and the indi- 
cations for or against operation are not clear. 

In the proper care of this third group lies 
the greatest opportunity for saving lives and 
lowering the extraordinarily high mortality 





rate. Very close and repeated observation is 
mandatory. At the earliest possible interval 
following the accident, a decision must be 
reached whether or not the lesion demands 
immediate operation. 

Aids toward an accurate diagnosis will be: 
(1) the history; (2) careful physical examina- 
tion; (3) blood count, blood protein estima- 
tions, urine examinations; (4) radiography. 

History. It seems generally agreed that 
force applied to a limited or circumscribed 
area of the abdomen is more prone to lacerate 
or rupture the intestine or kidney, but force 
applied diffusely over a wide area is likely to 
injure the liver, spleen, pancreas, bladder, or 
blood vessels. Engorgement or dilatation 
during physiological activity may predispose 
to injury. Hence it is important, to know the 
exact character of the blow, the size of the 
object inflicting the trauma, the details of the 
accident, the time that has elapsed since the 
accident, and the previous consumption of 
food or drink as well as the record of any 
previous abdominal disease. A detailed and 
accurate history will aid in estimating the 
likely extent of the injury. 

Examination. The examination of the pa- 
tient should be thorough and painstaking 
with consummate weighing of the evidence. 
The pulse and blood pressure should be noted; 
a patient with pallor should suggest hemorrhage 
or primary shock. One of the deceptive fea- 
tures of abdominal trauma is that the primary 
shock may be transient. Certain cases that 
are apparently in shock may have a definite 
elevation of blood pressure. This hypertension 
has been shown to be due to extensive retro- 
peritoneal hemorrhage or injury particularly 
about the kidney or adrenal. Retroperitoneal 
involvement must be suspected, therefore, 
with hypertension in abdominal trauma. If 
the patient is in shock, a detailed examination 
must be postponed until treatment for its 
relief has been effective. However, the ex- 
amination, when made, should be complete 
for injury not only of the abdomen, but of 
other parts of the body, as multiple injuries 
are not infrequent. 

Abdominal distention or meteorism, local- 
ized pain and tenderness, muscle rigidity or 
spasm, absence or presence of peristalsis and 
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the type of respiratory excursion must be 
carefully studied. Early abdominal disten- 
tion with general abdominal, but not board- 
like, rigidity and absence of severe pain, par- 
ticularly if there is evidence of a concomitant 
hack injury, are indications of injury or irri- 
tation of the celiac plexus, and that a con- 
servative policy can be planned. Jncreasing 
abdominal distention with localized tender- 
ness and rigidity—often boardlike—severe, 
persistent, or recurrent pain, and absence of 
peristalsis, are indications of a visceral in- 
jury, and for immediate operation. Rectal or 
vaginal examination, particularly when the 
lesion is in the lower abdomen, may prove of 
great value. By this procedure, a retroperi- 
toneal rupture of an air-containing viscus 
may be recognized when palpable emphysema 
of the pelvis is present. 

Either continuous or intermittent pain 
that is persistent and repeated vomiting or 
hematemesis, rising pulse rate, and spreading 
local tenderness are particularly significant. 
Vomiting, in itself, is not pathognomonic, but 
repeated vomiting, or repeated hematemesis 
and persistent pain may be evidence of vis- 
ceral injury. 

One should not be deceived by a post- 
traumatic period of comparative comfort or 
relative normalcy. Years ago (1858), Polland 
noted in certain instances of grave abdominal 
trauma, “the absence of all symptoms indi- 
cating a mortal injury for upward of two 
hours.”’ Butler observes that with shock or 
alcoholism this interval may be lengthened to 
6 or 8 hours. Berry has ascribed the lack of 
early significant symptoms in intestinal rup- 
ture to the fact that the immediate effect of 
severe injury to the intestine is a contraction 
of the bowel in the neighborhood of the lesion 
which tends for a time to prevent further 
extravasation of intestinal contents. This 
contraction may last for many hours. Cases 
of laceration of the intestine, stomach, blad- 
der, and spleen have been recorded in which 
the patient has walked and shown no evidence 
of major casualty only to collapse later. 

Blood count and laboratory tests. Immediate, 
complete blood count and urine examination 
should be made. Bloody urine indicates kid- 
ney, bladder, or urethral injury. If hemor- 
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rhage is suspected, estimation of the blood 
specific gravity by the falling-drop method of 
Barbour and Hamilton can be rapidly made, 
the concentration of blood plasma protein 
quickly determined, and prompt information 
obtained concerning the extent of blood loss. 
The estimation of blood concentration, if de- 
sired, can be checked by hematocrit deter- 
mination; indications for type and amount 
of intravenous therapy may thus be obtained. 

Radiography. A procedure that is of distinct 
value in the diagnosis of intestinal laceration 
or rupture is a radiograph of the abdomen. 
White has suggested that this be taken in the 
sitting posture so that free gas in the peri- 
toneum can be better recognized by its con- 
centration beneath the diaphragm—a crescent 
or sickle-shaped gas accumulation over the 
liver and below the diaphragm. If the patient 
cannot sit, White advises a lateral x-ray at the 
level of the diaphragm with the patient prone. 
Gas beneath the diaphragm when present is 
positive evidence of intestinal rupture, but if 
absent or unrecognized it does not rule out the 
possibility of intestinal laceration. Also, gas 
demonstrable in the retroperitoneal tissues 
may accompany duodenal rupture. 

Intravenous urography and, in carefully 
selected cases, retrograde cystography and 
pyelography will be a great aid in the accurate 
diagnosis of urinary tract lesions, particularly 
lacerations of bladder and kidney. 

Burke and Madigan have suggested the use 
of thorotrast as an aid in the diagnosis of 
lacerations of the liver and the spleen. Thoro- 
trast is administered intravenously and an 
abdominal film is taken 4 hours later. 

Peritoneoscopy. Peritoneoscopy may even- 
tually prove of value in the diagnosis of cer- 
tain obscure lesions but this procedure has 
not yet been in use sufficiently long to speak 
with authority concerning its applicability or 
indications in cases of abdominal trauma. It 
would seem to be contraindicated where 
gastrointestinal rupture is suspected. Its 
field of usefulness is likely to be limited. — 

Summary. The evidence as elaborated by 
history, examination, laboratory tests, and 
x-ray, must be carefully weighed. Abdominal 
examination is the most important. Severe 
localized or general persistent abdominal pain, 
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increasing pulse rate, repeated vomiting, lo- 
calized tenderness and boardlike rigidity, with 
or without evidence of increasing hemorrhage 
or infection, form a combination that de- 
mands operative interference. 

All cases, no matter how trivial, in which a 
decision for operation cannot be immediately 
made, should be kept under the closest ob- 
servation and opiates withheld. Repeated 
examinations should be made at least every 
30 minutes until a definite conclusion con- 
cerning operation can be reached. In an ob- 
scure quiescent case, illuminating symptoms 
such as pain, distention, or rigidity may have 
a sudden onset. Blood pressure and pulse 
records should be taken every 15 or 30 
minutes. Blood counts should be repeated at 
short intervals. The repeated blood count 
may show evidence of hemorrhage by de- 
creasing hemoglobin and red blood count and 
of advancing infection by an_ increasing 
leucocytosis. Decision for or against opera- 
tion should be made within 4 to 6 hours after 
the accident. Any delay beyond this period 
may jeopardize the possibility of saving a life. 

As Just has stated, “In spite of the most 
painstaking study, there will always remain a 
number of cases in which a definite diagnosis 
is impossible, but the syndrome is of a type 
which justifies operation. In these cases, an 
exploratory laparotomy should be done.” 


SHOCK 


Primary shock may be due to: (1) ex- 
tremely painful trauma; (2) severe crushing 
injury; and (3) hemorrhage, (Butler). Shock 
is not a necessary accompaniment of every 
injury; moreover it shows wide variations 
that may not be at all correlated with the 
severity of the trauma. Shock should be 
combatted promptly by application of heat, 
lowering of the head, elevating of the feet, 
intravenous infusions of blood plasma, ad- 
ministration of oxygen, and injection of 
eschatin or adrenal cortical extract, neo- 
synephrin, veritol, or ephedrine. If blood 
plasma is not available intravenous adminis- 
tration of gum acacia, saline and glucose, or 
whole blood transfusions should be used. 


Morphia should be withheld until a decision 
concerning operation has been reached. Im- 


mediate operation should not be undertaken 
until an effort to relieve shock and improve 
the patient’s condition has been made, and a 
systolic blood pressure of 100 or over is ob- 
tained. However, patients in shock requiring 
immediate operation should be treated and 
observed in accident wards or in or close to 
operating suites so that as little delay as 
possible occurs in inaugurating operative 
procedure as soon as the patient’s condition 
justifies it. 

Jaki distinguishes three stages of progres- 
sion in severe abdominal trauma: (1) shock; 
(2) transient subjective improvement; (3) 
collapse in the case of hemorrhage, or peri- 
tonitis in the case of perforation (injury) of a 
hollow organ. 

TREATMENT 

Successful treatment to obtain eventual 
recovery depends upon: (1) prompt recogni- 
tion that intra-abdominal trauma is present; 
(2) prompt decision that an operation is 
necessary ; (3) the correct time for and method 
of operative interference; (4) the magnitude 
of the injury. With multiple extensive in- 
juries early or immediate fatality may be 
inevitable—the extent of the trauma placing 
the injured beyond the aid of any treatment. 

Treatment may be either conservative or 
operative. 

Conservative treatment is largely sympto- 
matic but may require maintenance of fluid 
balance and adequate blood concentration by 
appropriate intravenous therapy and trans- 
fusions, especially when vomiting or hemor- 
rhage recurs and particularly in preparation 
for surgical intervention, early or late. In 
rupture of the hollow viscera, either actual or 
suspected, particularly of the intestine or 
bladder, some form of sulfonamide therapy 
is definitely indicated—sodium sulfathiazole 
intravenously, or sulfanilamide by hypoder- 
moclysis is preferable, as it is not likely that 
these drugs will be readily tolerated by oral 
administration. Lesions of the hollow viscera 
will demand early operation, but solid visceral 
injuries, unless accompanied by persistent 
and unrestricted hemorrhage, may more prop- 
erly be considered candidates for temporary 
conservative measures and for delayed or 
late operation. 
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Operation may be indicated either early or 
late. Early operation should take place with- 
in 6 hours of the accident, particularly when 
injury to hollow viscera seems likely. Late 
operation will be demanded by evidence of 
progressive or recurrent hemorrhage, exten- 
sive visceral damage or local tumor formation 
indicating unresolved hematomas, local ab- 
scesses, or actual neoplasm (pancreatic cyst, 
Cut). 

The common intra-abdominal lesions are 
lacerations or rupture of the liver, spleen, 
kidney, intestine, and bladder. Their specific 
treatment will be briefly outlined: 

Liver. When the patient is not moribund 
and when there is definite evidence of un- 
checked hemorrhage, operation is indicated. 
Without evidence of severe and persistent 
hemorrhage conservative treatment should 
suffice though with late recurrent hemorrhage 
operation may be required. Transfusion or 
blood plasma may be necessary before, during, 
and after operation. On exploration, if there 
is still bleeding from the liver this may be 
arrested by digital compression of the 
hepatic artery and portal vein at the foramen 
of Winslow and the laceration may be sutured 
or the hemorrhage controlled by tamponade 
and suture. Drainage should be instituted to 
facilitate the extra-abdominal escape of bile 
leaking from the laceration. If, on explora- 
tion, the hemorrhage seems controlled or has 
ceased it has been suggested that blood in the 
peritoneal cavity may be gently evacuated by 
suction, but clots in the rent in the liver had 
best not be disturbed as fatal and uncon- 
trollable hemorrhage has occurred from over- 
zealous efforts to suture a laceration when 
hemorrhage has ceased. Suture in this case is 
not necessary as spontaneous healing can take 
place. Trimble has pointed out the danger 
of reinfusion or transfusion of the blood taken 
from the peritoneal cavity in rupture of the 
liver. Toxic symptoms may follow, several 
fatal results have been recorded. Mortality 
rate from liver rupture is approximately 50 
per cent due largely to the inefficacy of any 
treatment in extensive laceration. 

Spleen. If the patient’s blood pressure is 
low or he is in shock—blood plasma or a 
transfusion should be administered. Opera- 
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tion should take place as soon as the blood 
pressure is over 100, and transfusion should 
be continued during and following the opera- 
tive procedure. The intraperitoneal blood may 
be ladled or aspirated out into a sterile flask, 
citrated, and reinfused into a vein. This may 
often prove a life-saving measure. Spinal 
anesthesia has much to recommend it. Splenec- 
tomy is to be preferred to suture or tamponade 
of the laceration. The mortality rate is 30 
per cent largely because of associated exten- 
sive trauma. 

Kidney. Most of the injuries to the kidney 
are contusions, which heal spontaneously; and 
expectant treatment will suffice. However, 
in the remainder in which the capsule or the 
pelvis is torn, operation will be necessary and, 
if deferred too long, may not save the patient. 
Reported statistics indicate that 20 to 30 per 
cent will require surgery (Just, Lewis and 
Trimble, Prather, Peacock). The indications 
for operation are gross infection, persistent 
hematuria, evidence of urinary extravasation, 
and loss of renal function. Intravenous urog- 
raphy will help determine the extent of 
damage to the kidney and in doubtful cases 
may confirm the necessity for operation. 
Retrograde pyelography should be resorted 
to with extreme caution and only when indi- 
cations for operation cannot be determined by 
other means; Peacock observed a fatal secon- 
dary hemorrhage following this procedure. 

Suture of the kidney will usually suffice, but 
nephrectomy will at times be necessary. The 
recorded mortality varies from 16 to 30 per 
cent depending upon the frequency of mul- 
tiple associated lesions and upon delay in 
operation in those cases requiring surgery. 

Intestine. Early operation after treatment 
of any initial shock is imperative in intestinal 
rupture and preferably should take place 
within 6 hours of the accident. Mortality 
mounts rapidly with delay beyond that period. 
Therefore, close and frequent observation and 
re-examination of doubtful or suspicious cases 
during this interval particularly are obligatory. 

Spinal anesthesia facilitates the operative 
procedure which should be carried out as 
gently and as rapidly as possible. Suture of 
the laceration is usually sufficient, this is 
best done transversely rather than longi- 
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tudinally (to the long axis of the bowel). 
With multiple lacerations or extensive mesen- 
teric laceration resection may be necessary. 
In desperate cases and particularly in large 
intestinal rupture, obstructive resection, ex- 
teriorization, or colostomy may be advisable. 
Sulfanilamide or sulfathiazole may be used 
locally in the peritoneum and routinely paren- 
terally as part of the postoperative therapy. 

The reported mortality is extraordinarily 
high. Most recent statistics cite a 60 to 10 
per cent rate (Petry, Beitler, Lewis, Estes, 
Just). Of 1476 cases recently collected by 
Poer from the literature, the total mortality 
was 72.1 per cent and the postoperative mor- 
tality in 1014 was 59.5 per cent. This may be 
ascribed to peritonitis, delayed operation, 
large and multiple lacerations, extensive 
hemorrhage, and to associated injuries, par- 
ticularly laceration of the mesentery. Early 
diagnosis and early operation should tend to 
lower what would seem to be an unnecessarily 
high mortality. 

Bladder. In rupture of the bladder suture 
of the rent in its wall, control of hemorrhage, 
and drainage of the area of extravasated urine 
will be necessary. The rupture may be intra- 
peritoneal or extraperitoneal, and diagnosis 
will be facilitated by either intravenous urog- 
raphy or retrograde cystography. Fracture 
of the pelvis is frequently a concomitant 
lesion; care of the bladder tear will not inter- 
fere with its appropriate treatment. Post- 
operative sulfanilamide or sulfathiazole 
therapy will be advisable. The reported 
mortality ranges from 14.4 per cent (Peacock) 
to 6.25 per cent (Culver and Baker). It 
results from other associated severe injuries, 
massive hemorrhage from laceration of large 
pelvic blood vessels, and delay in operation 
(peritonitis). Early recognition of rupture 
and early operation are imperative. 


CONCLUSION 


Nonpenetrating trauma to the abdomen 
may result in an injury that may be treated 
either by conservative means or operative 
interference. 

Successful treatment depends upon: (r) 
prompt recognition that an intra-abdominal 
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lesion is present; (2) prompt decision that an 
operation is necessary; (3) the correct time 
for and method of operation; (4) the magni- 
tude of the injury. 

Clinically, the cases may be classified into 
three groups: (1) Severe multiple injuries 
which are rapidly fatal and for which no 
treatment is of avail; (2) cases that obviously 
require immediate operation; (3) cases in 
which the diagnosis is doubtful and the indi- 
cations for or against operation are not clear. 

The history, careful physical examination, 
repeated blood counts, blood specific gravity 
and blood protein determinations, urine ex- 
amination, and roentgenography of the ab- 
domen should be helpful in establishing the 
diagnosis. In doubtful cases only by frequent 
repeated re-examination (30 minute inter- 
vals) will the developing evidence of a serious 
lesion be recognized in time to suggest opera- 
tion before it is too late. Every case of ab- 
dominal trauma, therefore, no matter how 
apparently slight, should be kept under close 
observation until a sufficient interval has 
elapsed to determine whether an operation is 
indicated or not, or until recovery is assured. 
Lesions of the hollow viscera will demand 
early operation. Solid visceral injuries, unless 
accompanied by persistent and unrestricted 
hemorrhage may more properly be considered 
candidates for delayed or late operation. Only 
by close constant supervision and the prompt 
recognition of an intra-abdominal catastrophe 
demanding operation can the extraordinarily 
high mortality in abdominal injury be lowered. 
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GUNSHOT WOUNDS OF THE ABDOMEN 





AMBROSE H. STORCK, M.D., F.A.C.S., New Orleans, Louisiana 


HE general category of gunshot 

wounds of the abdomen now includes 

not only injuries due to bullets fired 

from rifles, revolvers, or machine 
guns, but those wounds peculiar to warfare 
which are caused by fragments of shells, 
bombs, and hand grenades, as well as the 
“blast” injuries produced by detonation of 
high explosives. 

The problems involved in the management 
of abdominal war wounds, as well as the seri- 
ousness of such injuries, are summarized in the 
report of the Medical Department of the 
United States Army in the World War as fol- 
lows: “The man with an abdominal wound 
presents one of the serious problems which the 
military surgeon has to face. No other group 
of cases furnishes anything comparable to it 
in testing the medical resources of an army, 
or the technical skill of its surgeons.” 

This review will be limited to a considera- 
tion of the modifications of procedure and the 
recent advances in surgical practice which, in 
some measure, offset the grave consequences 
of abdominal wounds due to gunfire. 

Collection, transportation, and facilities for 
early treatment. Improved highways, motor 
ambulance transportation, and even transfer 
of casualty cases by airplane, have greatly 
facilitated the rapid removal of patients to 
hospitals. The importance of providing an 
adequate supply of oxygen and of preventing 
extravasation of intestinal contents due to re- 
duced atmospheric pressure at high altitudes 
has been discussed by Lovelace, who advo- 
cates the use of heated sealed pressure cabin 
airplanes, equipped with apparatus for the 
administration of oxygen. 

The development of mobile military surgi- 
cal units has made operative treatment pos- 
sible within 6, or at most 12, hours after injury 
has been incurred, thus reducing the number 
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of hopelessly delayed cases. In civil practice, 
the same improvements in transportation and 
the greater number of well equipped hospitals 
in small communities likewise permit more 
adequate and prompt treatment. 

Methods for reducing the incidence and seri- 
ousness of wounds due to gunfire. The value of 
body armor as a means of deflecting bullets or 
of arresting projectiles which are travelling at 
such a low velocity that they would ordinarily 
be retained is manifest. The arguments which 
have been advanced for and against this 
method of protection, as well as a detailed dis- 
cussion of various materials and designs for 
armor, are included in a previous report by 
Storck. The demonstration by Zuckerman 
that body ensheathment is protective against 
“blast” injuries coupled with the fact that 
body armor has been successfully used in the 
present European war establish the value of 
this preventive measure. 

The possibility of reducing the severity of 
peritonitis caused by penetrating wounds of 
the abdomen through alteration of the in- 
testinal flora by replacement with nonpatho- 
genic bacteria, or by sterilization of the bowel 
contents through administration of intestinal 
antiseptics, has been considered in a previous 
communication by the present author (12). 
The efficacy of tetanus toxoid immunization 
has been proved and this simple expedient 
may be depended upon to avert the deaths 
which occur among patients with abdominal 
gunshot wounds who would have survived the 
visceral lesions alone. 

Improved methods of study and estimation of 
the status of patients with known or suspected 
abdominal injuries. The duration and degree 
of shock and hemorrhage often determine the 
outcome in patients with gunshot wounds of 
the abdomen, and these factors are of para- 
mount importance both in the selection of 
cases requiring operative intervention and in 
the timing of operation. Earlier detection of 
the existence and progress of shock and hemor- 
rhage is now possible by combining the meth- 
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ods presently available for revealing changes 
in blood concentration, with the older methods 
for the study of these conditions. Determina- 
tion of blood specific gravity by means of the 
falling drop apparatus and estimation of mean 
corpuscular volume are simple and quick pro- 
cedures which permit prompt recognition of 
the presence of, or fluctuations in, the degree of 
shock and hemorrhage. 

Peritoneoscopy, although inadequate for de- 
termining definitely whether or not visceral 
perforation has occurred, may avert unneces- 
sary laparotomy or, on the other hand, may 
indicate a need for abdominal exploration not 
revealed by other methods of examination. 
If proper technical precautions are observed, 
the finding of hemoperitoneum is evidence of 
penetration of the abdominal wall. 

Intravenous pyeloureterography and retro- 
grade cystography make possible more accu- 
rate visualization of presence or extent of 
injuries to kidneys, ureters, and bladder. 

Treatment of shock and hemorrhage. The 
evolution of methods for preserving and ad- 
ministering whole blood and liquid or dried 
plasma, along with the development of more 
accurate means of determining the degree and 
progress of shock and hemorrhage, have in no 
type of surgical cases been of greater benefit 
than to patients with gunshot wounds of the 
abdomen. There are prospects that the sup- 
plies of blood elements available for use in 
emergencies will be further augmented through 
the isolation of bovine serum albumen suit- 
able for treatment of shock and hemorrhage 
in the human. 

Observations reported by Kekwick, Mar- 
riott, Maycock, and Whitby indicate that 
plasma and whole blood are equally effective 
for restoring blood volume, and that with large 
transfusions only 1 pint in each 3 pints of 
plasma and blood administered need be whole 
blood. As a rule, in secondary shock, a rise of 
from 10 to 20 millimeters of mercury can be 
anticipated from every 540 cubic centimeters 
of blood transfused, provided that bleeding 
has ceased and that no other causes of loss 
of circulatory fluid are operating. Differentia- 
tion is to be made between primary shock due 
to psychogenic and neurogenic influences from 
which recovery rapidly occurs following rest 


and the administration of morphine; and sec- 
ondary shock, which is indicated by a per- 
sistence of systolic blood pressure below 100 
millimeters of mercury even after 1 hour of 
treatment by simple measures, and in which 
transfusion is necessary. Practically com- 
plete replacement of lost fluid is required, and 
at least half of this should be protein fluid, as 
otherwise the restoration of blood pressure 
will be only temporary. Transfusions of as 
much as 3,000 cubic centimeters within a few 
hours following injury may be required to 
afford the full benefit attainable by this type 
of therapy. 

The demonstration by Schnedorf and Orr 
of the value of oxygen therapy in controlling 
shock has added to the presently available 
methods for treating this frequent concomi- 
tant condition of gunshot wounds of the ab- 
domen. The evidences advanced by Scudder, 
Besser, and others of the efficacy of adrenal 
cortex extract, as well as the observations of 
Best and Solandt concerning the beneficial 
effects of pituitary extract and concentrated 
serum in combatting shock, indicate that 
these forms of therapy are of definite value. 

The thrombin preparation, which Smith 
and his co-workers have found to be so effec- 
tive in arresting hemorrhage when topically 
applied, meets the need for the control of 
bleeding from liver lacerations when hemo- 
stasis by other means is difficult or impossible. 

Management of ileus and peritonitis. By the 
very nature of the wounds and the operative 
manipulation necessary for their repair, gun- 
shot injuries of the abdomen are inevitably 
accompanied by some degree of ileus and 
usually by more or less diffuse peritonitis. 

Attempts to remove contaminating ma- 
terial from the peritoneal cavity by lavage are 
not only futile, but actually increase the ex- 
tent of infection and add to already existing 
shock. The impossibility of effectively drain- 
ing the peritoneal cavity even by the intro- 
duction of multiple drains, and the danger of 
intestinal obstruction due to the presence of 
drains are now generally recognized. The no- 
toriously poor results obtained by performing 
enterostomy for the purpose of preventing or re- 
lieving ileus are in sharp contrast to the usually 
satisfactory control of this condition by doses of 
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morphine sufficient to maintain intestinal tone 
and by the use of the Miller-Abbott tube, in 
conjunction, if necessary, with the administra- 
tion of oxygen for the removal of nitrogen 
from the intestine, as suggested by Fine, 
Banks, and Hermanson. The report by Fine, 
Hurwitz, and Mark concerning the serum con- 
tent of the fluid present in the lumen of dis- 
tended loops of bowel and the resulting deple- 
tion of plasma proteins in the circulating blood 
emphasizes the importance of plasma transfu- 
sion as a rational part of the therapy of ileus. 
Degeneration of the adrenal cortex as a result 
of both ileus and peritonitis occurs so con- 
stantly as to imply the need for the adminis- 
tration of adrenal cortical hormone or desoxy- 
corticosterone acetate in the treatment of 
either or both of these conditions. 

Evidences of the efficacy of sulfonamide 
drugs, both introduced directly into the peri- 
toneal cavity and given parenterally, in pre- 
venting or reducing the severity of peritonitis 
are so numerous and convincing as to leave 
little doubt that these drugs should be used 
when peritoneal contamination has occurred. 

Penicillin, the bacteriostatic fungus extract 
which has been the subject of a report by 
Florey and his associates, and gramicidin, an 
antibacterial substance obtained from sporu- 
lating bacilli and described by Dubos and 
Hotchkiss, are not rendered ineffective by the 
para-aminobenzoic acid present in inflamma- 
tory processes, and give promise of being use- 
ful in the treatment of infections which do not 
respond to the sulfonamide drugs. 

Prevention and treatment of wound infection 
and wound rupture. The morbidity and mor- 
tality in gunshot wounds of the abdomen, due 
to wound rupture, are lessened by supple- 
menting épluchage and closure of wounds by 
means of nonabsorbable suture materials, with 
maintenance of normal plasma protein levels 
and the prevention of avitaminosis. These 
same measures, particularly when combined 
with the instillation into contaminated wounds 
of sulfonamide drugs, zinc peroxide paste, or 
other oxidizing antiseptics, or with the de- 
layed closure and adequate drainage of such 
wounds, greatly reduce the incidence of serious 
wound infections. 
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Methods for the prevention and treatment of 
complications. Through the parenteral ad- 
ministration of glucose and lactated Ringer’s 
solutions, blood plasma, amino-acids, and 
vitamins, serious nutritional deficiencies can 
be prevented for at least several weeks. 
Fatalities due to pulmonary complications 
can be maintained at a minimum by early 
mobilization and deep breathing exercises or 
tracheal aspiration for the prevention of 
atelectasis, and by prompt treatment of pneu- 
monitis with specific antisera and sulfona- 
mide drugs. The high mortality in gunshot 
wounds of the abdomen when associated with 
“sucking” or ‘‘blowing” chest wounds can be 
lessened by immediate relief of tension pneu- 
mothorax and by the closure of thoracic 
wounds either by approximation of wound 
edges or the application of airtight dressings 
which prevent paradoxical respiration. 
Recognition of the frequency with which 
subphrenic, subhepatic, cul-de-sac, iliac fossa, 
perirenal, and miscellaneous other residual 
abscesses occur, and adequate drainage fol- 
lowing their early detection by means of x-ray 
or physical examination, avert the deaths due 
to these complications. Retained shell frag- 
ments or other foreign bodies present in such 
areas of suppuration should, as a rule, be re- 
moved at the time that drainage is established. 
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TREATMENT OF BURNS 


GROVER C. PENBERTHY, M.D., F.A.C.S., and CHARLES N. WELLER, M.D., F.A.C.S., 
Detroit, Michigan 


HE problems associated with the 

treatment of the severely burned pa- 

tient continue to interest the clinician 

and the laboratory worker. A review 
of the literature (14) on burns published dur- 
ing the past 15 years indicates changing ideas 
and intelligent thinking regarding therapy. A 
few of the older principles of treatment have 
been continually emphasized, but as our knowl- 
edge of physiology and pathology in relation 
to the changes occurring in the human body 
increases, recent advances have been made 
which develop a more rational basis for 
therapy (18). The interchange of ideas and 
experiences, together with the emphasis of 
certain important points, have developed a 
better understanding of the problem. There 
can be no outline of treatment for general use, 
as each burned patient deserves individual 
consideration. A résumé of our present form 
of management of the severe burn is presented 
together with a discussion of some of the many 
ideas advanced relative to present day treat- 
ment. 

Prior to the publication of Davidson’s work 
(10) in 1925 relative to the use of tannic acid, 
it was the practice of the individual clinician, 
as well as the various clinics and hospitals, to 
adhere to a routine founded on the experiences 
of either the surgeon or the clinic. The re- 
sults obtained in many instances were as- 
sumed to be satisfactory. The statistical 
studies, however, showed that the results were 
far from gratifying. The morbidity was pro- 
longed and the mortality was high, varying 
from 30 to 4o per cent (Table I). 

Wells has stated ‘‘the introduction of tannic 
acid by Davidson . . . has revolutionized and, 
apparently for the first time in history, stand- 
ardized the treatment of diffuse burns.’’ The 
use of tannic acid in the treatment of thermal 
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injuries has maintained a well deserved place 
in the regimen of many surgeons. It is en- 
tirely in keeping with general progress in medi- 
cal science that many changes have developed 
regarding therapy. However, the basic con- 
cept of toxic absorption from the site of a 
severe burn which led to Davidson’s work, al- 
though challenged by many, has not in our 
opinion been satisfactorily disproved. Like- 
wise in many instances, criticism of the tannic 
acid method of treatment is unjustified due 
to the failure of the critics to recognize the 
basic surgical principles underlying this form 
of therapy. 


FACTORS INFLUENCING THE PROGNOSIS 


A combination of factors influences the 
prognosis for recovery in the case of every 
severely burned patient. The general care of 
the patient is of primary importance. Em- 
phasis in recent years has been placed on the 
therapeutic measures of value in combating 
the effects of disturbances in general tissue 
metabolism. It is important to recognize 
shock and to treat this condition adequately 
before consideration is given to the local le- 
sion. The extent of the burn bears some rela- 
tion to the severity of shock but is not to be 
relied upon, inasmuch as this reaction may 
accompany burns of a lesser degree. Shock 
should be treated by the application of heat, 
the administration of sedatives, and the usual 
supportive measures. Blood plasma is of defi- 
nite benefit in the treatment of shock ac- 
companying severe burns (17). Intravenous 
saline and glucose solutions are essential to 
prevent anhydremia in second and third de- 
gree burns. Hemoconcentration is present 
early in the case of severe burns, with the red 
blood cell count, blood nitrogen, and blood 
sugar elevated, while the blood chlorides are 
reduced. It is doubtful if hyperglycemia can 
be explained as due to hemoconcentration, al- 
though dehydration will produce an increase 
in sugar by accelerating glycogenolysis. A 
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lowered serum protein appearing after a few 
days indicates the need for a blood transfusion 
or plasma. Whole blood should also be given 
later in the course of treatment, if secondary 
anemia develops. 

In the case of the severely burned patient, 
there is a rapid increase in the hematocrit 
reading during the first 6 hours. During the 
following 12 hours there is a gradual increase 
with very little change later. A study of the 
blood of a patient with an extensive burn 
showed that the hematocrit was 71 per cent 
at the end of the first hour (23), a fact indi- 
cating that there has been a loss of approxi- 
mately half of the plasma volume. It was 
found that giving the adult 5,000 to 6,000 
cubic centimeters of saline solution intra- 
venously during a 24 hour period caused a 
marked drop in plasma proteins, frequently 
to the edema level. Similar observations have 
been reported by others (15, 17). Therefore, 
it is advisable to utilize glucose solution to 
combat dehydration, and to limit the use of 
saline. Intravenous blood plasma decreases 
the hemoconcentration more effectively, with- 
out causing a drop in the plasma proteins. 
Whole blood given with moderate amounts 
of saline will tend to prevent a marked drop 
in plasma proteins, but does not reduce the 
hematocrit as rapidly as plasma. Burns in- 
volving a third or more of the body in the adult 
are now given 1,000 cubic centimeters of 
blood plasma and 1,000 to 2,000 cubic centi- 
meters of glucose and saline solutions intra- 
venously in a 24 hour period. The remaining 
amount of required fluid is given orally. 

Saline and glucose solutions temporarily 
raise the blood pressure and may be given to 
fortify the patient until blood is available. 
The temporary action of these agents is due 
to their rapid elimination by the kidneys; 
blood on the other hand is retained longer be- 
cause of its protein content. Of the blood, the 
serum alone is vital to this action (9). Hos- 
pitals with blood banks have serum or plasma 
available for immediate use. 

Underhill, Kapsinow, and Fisk maintain 
that following a burn, the permeability of the 
capillaries is in one direction only, namely, 
from the capillaries to the tissues. If only 
saline or glucose solutions are available, the 


TABLE I.—COMPARATIVE MORTALITY WITH 
TANNIC ACID AND OTHER METHODS! 
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| No. of | taitty | No.of | fatty 
| patients per cent patients per cent 
BancroftandRogers(NewYork)| 90 | 40.0 | 114 | 200 
Beekman (New York) | a0 . | Ty . "ana 14.90 
Wilson (Edinborough) Z pay | 38.7 a a | oan : 
Harris (Toronto) | 26.6 | 12.0 
Mason (Philadelphia) rs ¥ 28.5 | 87 I 3 
Langer (Vienna) _ | a i 16.3 | 65 7-7 
Mitchiner (London) 243 [ 9-4 | 249 2.4 
McClure and Allen (Detroit) 18 | 093 | 358 a7 
Glover (Cleveland) 121 | 14.0 | 809 | 8.4 
Total patients: —_ | 1369 | | 1913 | 
Average mortality oe | 24.5 | | 14.3 





1From DonaLp M. GLOVER and ARNoLD F. Sypow. Am. J. Surg., 
1941, 51: 6or. 


administration of adrenal cortex hormone may 
be of added benefit, as it is claimed to restore 
and maintain capillary tone. The clinical ex- 
periences of Wilson, Rowley, and Gray (26) 
show favorable results as regards the use of 
an extract of suprarenal cortex. Satisfactory 
responses have also been reported with the use 
of the synthetic analogue desoxycorticosterone 
acetate (27). Rhoads, Wolff, and Lee con- 
clude from their observations that adrenal 
cortical extract is of value in the treatment of 
the fluid shift occurring in patients after se- 
vere burns and reduces the amount of plasma 
which is required to restore the circulation to 
normal. 

There has been some question regarding the 
changes in blood potassium in the production 
of the toxic symptoms associated with severe 
burns. The work of Tenery showed that the 
whole blood potassium varied directly with 
the hematocrit changes and the plasma potas- 
sium findings were not important. The plasma 
potassium levels are usually increased during 
the first 48 hours. In the patients studied the 
potassium did not reach a toxic level. Toxic 
symptoms of burns were present without the 
presence of a toxic potassium level. Scudder 
found in a study of plasma potassium in 6 
cases with severe burns an elevation similar 
to those he found in other forms of shock. 
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TABLE II.—REPORTED CAUSES OF BURNS TAKEN 
FROM THE HOSPITAL RECORDS 1922-1940! 


No. of 

Causes cases Percent 
Hot fluids (spilling hot liquids from 
table or stove, stepping or falling in 


, a eer ares 563 55-3 
Fire (bonfire, stove, gas heater, gasoline, 
AREER eres pe IS: 263 25.8 
Fire (result of playing with matches) .. . 68 6.7 
NN rs arg fe Ni aaa eee 40 3-9 
SO PIS 5 oss b aca hare dss or acdieiaim 84 8.3 
ERR ee ee ee ee 1018 
Considered avoidable................ 820 80.5 
Considered unavoidable.............. 114 11.3 
BE I bik oo boi ew eoelendaasiues 84 
NS. ova reba roxeenes tes 1018 





'From the Children’s Hospital of Michigan. 


SURGICAL MANAGEMENT 


An extensive burn lesion may be compared 
to a large open wound and deserves rigid asep- 
tic surgical care. The importance of thorough 
cleansing, combined with débridement of the 
involved skin areas, cannot be too strongly 
emphasized. This includes the removal of all 
foreign material and necrotic tissue, the open- 
ing of blebs and blisters, and the removal of 
loose skin, together with gentle but complete 
cleansing of the involved surfaces with saline 
and boric acid solutions. The use of green 
soap and solvents, such as ether and alcohol, 
may be necessary. The burn resulting from 
acid or an alkali should always be thoroughly 
washed with water before the neutralizing 
agent is applied (11). Sodium bicarbonate 
solution is effective in acid burns, and acetic 
acid may be used as the neutralizing agent in 
burns from alkalies. In most instances the 
proper preparation of the burned area may be 
successfully carried out with little pain by the 
use of sedatives, such as codeine in the case of 
young children and morphine in older indi- 
viduals. Light anesthesia may be required if 
the procedure necessary to prepare the in- 
volved area causes severe pain. Sodium 
pentathal administered intravenously by a 
competent anesthetist provides a satisfactory 
type of anesthesia for the preparation of ex- 
tensive burned surfaces. (Table II.) 

Failure to adhere to the basic surgical pro- 
cedures in the preparation of the burned area, 
either because of lack of familiarity with their 
importance, or because of existing conditions 
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as met with in war zones, has led to adverse 
criticism of the tannic acid method used in the 
treatment of the diffuse burns seen in civil 
life. In peacetime, casualties are usually hos- 
pitalized within a short time, but under war 
conditions many days may elapse before the 
patient is given proper care (12). This in our 
opinion has been the chief factor accounting 
for the disappointing results of the tannic acid 
treatment of burns in modern warfare. 


TOXEMIA OF BURNS 


The factors involved in the development of 
the toxemia which accompanies severe and 
extensive burns have been widely discussed. 
Uniformity of opinion on this question is lack- 
ing. That infection may be responsible in 
many cases seems probable. On the basis of 
bacterial invasion of the local lesion together 
with the presence of concurrent infections in 
many young patients, we instituted chemo- 
therapy in 1939 (18). In our first patients 
sulfapyridine was given orally and when sul- 
fathiazole became available, this drug was 
substituted because of claims of decreased 
toxicity. In the absence of any accepted con- 
traindications, chemotherapy is instituted 
when the temperature reaches 102 degrees F. 
The dosage in the case of children is calculated 
on the basis of weight. A total of 114 grains 
per pound of weight is given in the 24 hour 
period in divided doses at 4 or 5 hour inter- 
vals. In the case of adults 1 gram is given 
every 4 hours. The dosage is then governed 
by frequent blood level determinations. A 
level near 4 milligrams per 100 cubic centi- 
meters is desirable. Close clinical observa- 
tions for complications or unfavorable reac- 
tions are necessary, and frequent blood and 
urine studies are advisable. A favorable clini- 
cal response with a decline in temperature is 
usually apparent in a few hours. There have 
been no deaths or serious reactions in approxi- 
mately 75 severely burned patients treated to 
date by the addition of chemotherapy. 


LOCAL USE OF SULFONAMIDE DERIVATIVES 


In recent months the suggested use of cer- 
tain sulfonamide derivatives as a local treat- 
ment for cutaneous burns has been proposed. 
This form of therapy may aid in the preven- 
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tion of local infection or retard bacterial in- 


vasion. Also, since the drug is absorbed, 
beneficial effects in the case of septicemia may 
be apparent. Our experience with this form 
of therapy is limited to an experimental study 
of a small group of patients treated locally 
with the sodium salt of sulfathiazole in a water 
soluble ointment base. Several patients with 
burns approximating 20 per cent of the total 
body surface have been treated and responded 
favorably with the formation of a dry crust, 
which remained intact and allowed healing 
without evidence of infection. We believe, 
however, that this form of therapy is not 
without certain danger. The rate of absorp- 
tion is not controlled and high blood levels 
may occur, particularly in patients with a 
diminished urinary output. The formation of 
acetylsulfathiazole crystals in the pelvis of 
the kidneys and in the ureters may likewise 
cause serious symptoms due to obstruction. 
This occurred in one case in our series. Basing 
an opinion on our limited experience, we be- 
lieve further experimental study is indicated, 
together with wider clinical use before local 
application of the sulfonamide derivatives can 
be generally recommended. Pickrell has re- 
cently advocated spraying cutaneous burns 
with a 3 per cent solution of sulfadiazine in 
8 per cent triethanolamine with satisfactory 
results in over one hundred cases. 


TANNIC ACID 


The details of the tannic acid treatment 
have been outlined in previously published 
papers (4, 13, 14, 16, 18, 22), but certain im- 
portant features of this form of therapy de- 
serve repetition. The use of the freshly pre- 
pared aqueous solution of tannic acid in 5 per 
cent strength as a coagulant of the protein on 
the surface of a burned area has stood the test 
of time. The application by spraying has 
been successful and is still popular. Prepared 
jellies or pastes of 5 per cent or 10 per cent 
tannic acid strength may be substituted when 
the freshly prepared solution is not available. 

The technique proposed by Bettman (5, 6) 
combines the use of a solution of ro per cent 
silver nitrate and a 5 per cent tannic acid solu- 
tion. The tannic acid is applied either as a 
spray or in jelly form, followed shortly by the 
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Graph. 1. Mortality curve. ... before use of tannic acid 
treatment; - - - experimental period; ——tannic acid and 
gentian violet combined with silver nitrate (10 per cent). 
Total cases 1,018. 


application of the silver nitrate solution. The 
claims for this technique, as stated by Bett- 
man, have been substantiated, and we believe 
that this adjunct to the original tannic acid 
treatment has proved of distinct value. 


GENTIAN VIOLET 


Gentian violet in a 1 per cent aqueous solu- 
tion as advocated by Aldrich (1) is preferred 
in burns showing evidence of infection when 
first seen, or in cases of more than forty-eight 
hours’ duration when first treated. Burns in- 
volving the perineum, the hands and feet, and 
deep burns encircling the extremities or in the 
region of joints should be treated with gentian 
violet solution. The coagulum produced by 
gentian violet is more pliable and obviates 
splitting of the protective coating over joint 
areas and permits increased freedom of the 
hands and feet. The dye may also be com- 
bined in the treatment, after the use of tannic 
acid, when there is separation and evidence 
of infection about the edges of the coagulum. 


GENTIAN VIOLET AND SILVER NITRATE 


Following the experience with silver nitrate 
combined with tannic acid, a similar technique 
was used, gentian violet being substituted for 
tannic acid. The results in a small series of 
cases were satisfactory and provided the basis 
for a published report (8). This combination 
has to some extent offset certain disadvan- 
tages of the gentian violet solution when used 
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alone. A firmer coagulum is produced, drying 
is more rapid, and the disagreeable staining 
properties are somewhat limited. In addition, 
the antiseptic properties of the gentian violet 
solution appear to be increased by the combi- 
nation with silver nitrate. Aldrich (2) at pres- 
ent advocates the use of a triple dye prepara- 
tion, namely, crystal violet, brilliant green, 
and neutral acriflavine for the purpose of a 
more complete antiseptic action. We have 
had no experience with this combination. 


BURNS OF HANDS AND FACE 


Allen has re-emphasized and called atten- 
tion to the value of aseptic surgical prepara- 
tion of burns of the hand. Following thorough 
cleansing of the burned area, the entire sur- 
face is covered with a nonadherent type of 
dressing, such as petrolatum gauze. A volu- 
minous soft dressing is then applied and band- 
aged to exert pressure to all parts involved, 
thus minimizing edema and the loss of tissue 
fluid. The part is then splinted in the position 
of function. Fourteen days later the original 
dressing is removed and the less seriously 
burned areas are usually found healed. Burns 
of the face deserve special consideration and 
should not be treated by any stereotype 
method. Tannic acid jelly may be used effec- 
tively for certain burns of this type, but in 
other instances it may be of advantage to 
apply saline compresses or Blair’s jelly (7), to- 
gether with the application of pressure. 


LATER TREATMENT 


The details of the treatment following the 
separation of the tannic acid or gentian violet 
coagulum have been previously published (18). 
However, emphasis should again be placed 
on the value of early skin grafting. Early 
grafting of extensive granulating surfaces has 
saved many lives and should be resorted to as 
soon as the local lesion is sufficiently prepared 
to assure successful results. This practice has 
also aided in minimizing scarring and de- 
formity in many instances. (Graph 1.) 


CONCLUSIONS 


1. It is important that careful attention be 
given to the treatment of shock accompanying 
the diffuse burn. 
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2. Surgical preparation of the burned area 
should be performed with the most rigid 
aseptic technique. 

3. The choice of local treatment depends on 
the location of the burn and the time that has 
elapsed before therapy is instituted. 

4. The maintenance of the fluid and the 
electrolytic balance, as well as attention to 
the nutrition of the patient is essential. 

5. Measures must be taken to combat in- 
fection with the addition of chemotherapy. 

6. Early skin grafting minimizes the loss of 
fluid from the burned area, prevents the de- 
velopment of chronic infection, and aids in 
limiting scarring and contractures. 


REFERENCES 
AtpricH, R. H. New England J. Med., 1933, 208: 
299-309. 
ALDRICH, ROBERT HENRY. The Story of Burns. 1941. 
ALLEN, Harvey S. J. Am. M. Ass., 1941, 116: 1370- 
1373- 
BEEKMAN, F. Arch. Surg., 1929, 18: 803. 
BETTMAN, A. G. J. Am. M. Ass., 1937, 108: 1490- 


= 


1494. 

Idem. Northwest. Med., 1935, 34: 46-51. 

. Brarr, V. P., Brown, J. B., and Hamu, W. G. J. Am. 

M. Ass., 1932, 98: 1355-1399. 

. Brancu, H. E. Arch. Surg., 1935, 35: 478-485. 

. CHoIsserR, R. M., and Ramsey, E. M. Proc. Soc. 
Exper. Biol. & Med., 1938, 38: 651-652. 

ro. Davipson, E. C. Surg., Gynec. & Obst., 1925, 41: 202. 

11. Idem. Ann. Surg., 1927, April. 

12. Editorial. Brit. M. J., 1940, 2: 672. 

13. GLOVER, D. M., and Sypow, A. F. Am. J. Surg., 

51: 6or. 
14. Harkins, H. N. Surgery, 1938, 3: 430-465. 


oP WDA VE HD 


1941, 


15. Mappock, W.G., and Cotter, F. A. Ann. Surg., 1940, 
II2: 520. 

16. McCtiure, R. D., and Atten, C. I. Am. J. Surg., 
1935, 28: 370. 

17. Minor, A. S., and Bratock, ALFRED. Ann. Surg., 


1940, II2: 557. 
18. PENBERTHY, G. C., and WELLER, C. N. 
1939, 46: 468-476. ’ 
19. PIcKRELL, K. L. Bull. Johns Hopkins Hosp., 1941, 


Am. J. Surg., 


69: 217-221. 
20. Ruoaps, J. E., Woirr, Wm. A., and Lee, W. E. Ann. 
Surg., 1941, 113: 955-968. 


21. ScuppDER, J. Shock: Blood Studies as a Guide to 
Therapy. Philadelphia: J. P. Lippincott Co., 1940. 

22. SEEGER, S. J. Treatment of burns. Lewis Practice of 
Surgery, Vol. I, Chapter 17. W. F. Prior Co., Inc. 

23. TENERY, R. M. Surg., Gynec. & Obst., 1941, 72: 
1018-1027. 

24. UNDERHILL, F. P., Kapsinow, R., and Fisk, M. E. 
Am. J. Physiol., 1930, 95: 315-324. 

25. WELLS, D. B. J. Am. M. Ass., 1933, 101: 1136. 

26. Witson, W. C., Rowtey, G. D., and Gray, N. A. 
Lancet, 1936, I: 1400-1402. 

27. Witson, W.C., and Stewart, C. P. Tr. Med.-Chir. 
Soc. Edinburgh, PP. 153-173, 1938-1939; in Edin- 
burgh M. J., 1939, Nov. 





' 


dain Km 


ke a ty 2 we 


= 


cal ee sao a ak 


adeno has 





iris: babs ad 


— 


TARE oa ial AM BLS ae 


ane Sea eds he Bot 


~ aman 


cole. 


“RT 


Sat te 





Tara 


Rae 


- 
é 
¥ 








te 


oa ies 





geome 


= 


RA SR ge ALT RE BSS Cea 





SOME PROBLEMS CONCERNING ACTIVE IMMUNIZATION 
AGAINST TETANUS 


HARRIS B. SHUMACKER, Jr., M.D., and AUSTIN LAMONT, M.D., 
Baltimore, Maryland 


HE present war and the consequent 
mobilization of millions of soldiers 
throughout the world have given a 
great impetus to the use of toxoid in 
active immunization against tetanus. For- 
merly the medical profession in general, with 
the notable exception of the French, had been 
rather indifferent to its possibilities. Protec- 


tion against tetanus, however, is not only a: 


necessary measure in time of war. Infrequent 
as it is in peace, tetanus is still common 
enough to be a matter of grave concern, es- 
pecially in view of the fact that the mortality, 
though reduced somewhat in recent years by 


a better understanding of the pathogenesis 


and treatment of the disease, is still alarmingly 
high. 

Although prophylactic passive immuniza- 
tion with antitoxin has proved very helpful, 
no one will deny that it leaves much to be de- 


_sired. One is interminably confronted with 


the question whether antitoxin should be 
given in a particular instance. No means of 
properly determining this issue is available. 
Anyone who has been called upon to treat 
tetanus which has resulted from some trivial 
and apparently clean laceration or abrasion 
will know forever that it is not only deep con- 
tused and punctured wounds incurred in the 
street or the barnyard that may harbor ac- 
tively growing Clostridium tetani. Tetanus 
not infrequently has followed an injury so 
inconspicuous that no doctor has been con- 
sulted; indeed, cases are sometimes seen in 
which no portal of entry can be demonstrated 
and in which, naturally, no prophylactic anti- 
toxin has been given. Passive immunization 
is imperfect also because of the transient char- 
acter of the protection afforded. The fall in 
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titer after the first week or 10 days necessi- 
tates reimmunization after this interval in all 
cases of persistent infection and in all of those 
in which manipulation or exploration must be 
carried out again. Even such precautions fail 
in those cases of latent toxemia in which the 
organisms have been growing unobtrusively in 
apparently clean and healing wounds. The 
usual dose may be insufficient in case of over- 
whelming infection. Finally, there is the ques- 
tion of sensitivity, a matter of great concern 
both in hazard to the patient and in disability 
and loss of time from work. It is all the more 
a problem because of the fact that large 
groups of persons requiring treatment for in- 
juries are notoriously apt to incur other in- 
juries necessitating subsequent injections of 
antitoxin; for example, industrial workers and 
children. In addition, there are the matters 
of expense and difficulty of storage and 
transportation. Furthermore, the modern 
method of warfare with its extreme mobil- 
ity and lack of any fixed line of battle renders 
the prompt administration of antitoxin to all 
wounded a matter of almost unsurmountable 
difficulty. Obviously a more permanent active 
immunity which can be brought about prior 
to the time of injury and by a method rela- 
tively free of reactions offers many advan- 
tages. 

A great deal has been learned about tetanus 
toxoid and the immunity it confers since 
Ramon and his associates demonstrated that 
toxin could be completely detoxified and still 
retain its antigenic properties and that it 
could be applied to clinical use (7, 34). 

Two types of toxoid are available, plain 
and alum-precipitated toxoid. When the anti- 
genicity of the two has been compared by 
individual workers the alum-precipitated tox- 
oid has been found to produce a better 
antitoxin response (9, 15, 18, 29). Neverthe- 
less, techniques have been worked out with 
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both types of toxoid which result in an ap- 
parently satisfactory production of antitoxin 
in the injected patient. A single injection of 
toxoid ordinarily causes no demonstrable pro- 
duction of a significant amount of antitoxin 
in human subjects (34). The first dose ap- 
pears to sensitize or prepare the patient so 
that he will respond to subsequent injections 
by a rapid and pronounced production of anti- 
toxin. Within 2 weeks after a second and 
within a week after a subsequent injection, 
the antitoxin titer rises to an almost certainly 
protective level (10). It is generally agreed 
that a relatively long interval is preferable 
between the two or three doses constituting 
the basic course of immunization. The recom- 
mended interval varies from 3 weeks to 3 
months (2, 4, 10, 16, 19, 23, 26). 

In addition to the type of toxoid, the num- 
ber of injections, and the interval between 
them, the amount and antigenicity of the 
toxoid are important in regard to the resultant 
titer. In Table I are listed the antitoxin titers 
of guinea-pigs at varying intervals after the 
injection of 1.0, 0.1, and 0.01 cubic cen- 
timeter of a commercial alum-precipitated 
toxoid.! It is apparent that the antitoxin re- 
sponse varies according to the amount of 
toxoid given. These findings are in accord 
with the observations of others. Gold (11) in 
human beings, and Sneath (30) and Trabat- 
toni (31) in guinea pigs obtained results sug- 
gesting that the antitoxin response is greater 
with larger doses of toxoid. Von Eisler and 
Gottdenker concluded from experiments with 
guinea pigs that the quantity of antigen is 
more important with reference to the inten- 
sity of the antitoxin response from tetanus 
toxoid than is the case with diphtheria toxoid. 
Bergey and Etris thought their experiments 
suggested that antigenicity of. toxoid is pro- 
portional to the toxicity of the toxin from 
which it is made. Zoeller and Ramon be- 
lieved that antigenicity can be estimated from 
flocculation tests of the toxoid. 


! The experiments recorded in Tables I, IT, and III were carried out in 
the following manner: Guinea pigs weighing approximately 500 grams 
were injected subcutaneously with 1.0, 0.1, and 0.01 cubic centimeter of 
alum-precipitated toxoid. Blood was ‘withdrawn after 1, 3, 4, and 644 
months and each specimen was assayed for antitoxin in the usual manner 
on guinea pigs, the U. S. government standard test toxin and antitoxin 
being st Some of the animals were given varying amounts of a 
freshly assayed tetanus toxin filtrate in order to ascertain the degree of 
protection afforded, the toxin injection always being preceded by with- 
drawal of blood for estimation of antitoxin titer. 


. 
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TABLE I.—EFFECT OF VARYING AMOUNTS OF 
TOXOID GIVEN AS A SINGLE INJECTION ON 
ANTITOXIN PRODUCTION IN GUINEA PIGS* 





Antitoxin titer in American units per c.c. serum at 








a intervals after administration of toxoid 
° 
toxoid 
in c.c. I month 3 months 4 months 
1.0 | 0.5, 0.5, 0.5—I.0, 3-0, 3.0, 4.0+, 1.0, 1.0, 1.0-2.0, . 
1.0, 2.0, 2.0-+- >4.0, >4.0 1.0-2.0, 2.0, 2.0-++ 





o.1 <0.I, 0.1, 0.2-0.25 0.05, 0.I-0.5, 
0.1-0.5, 0.1-0.5, 
O.I-0.5, >0.5, 


>0.5 





0.01 <0.01, <0.01, 0.1, <0.01, <o.o1, 
O.I-+, 0.I-+, <0.01, <0.o1, 
0.1 0.01, 0.05-+, 
>0.05 














*Each figure represents an assay on an individual animal. 

In this table and in Tables II and II < indicates an indeterminate 
amount less than the figure given which represents the smallest unitage 
at which the serum was assayed; > an indeterminate amount greater 
than that figure cited. 

When a value is followed by +, it indicates that the titer was slightly 
or moderately higher than the figure cited as evidenced by the condition 
of the test animals at the end of the period of observation. 


These considerations may be of the utmost 
importance. It is entirely within the realm of 
possibility, I think, to produce tetanus toxin 
of such great toxicity that the toxoid made 
from it will evoke a much great immunity and 
one of much longer duration. Indeed, it is by 
no means certain that a single injection of 
such a potent toxoid may not bring about an 
antitoxin response in human subjects. One 
cubic centimeter of the commercial toxoids 
available will evoke a titer of several units in 
the guinea pig. Perhaps there is no funda- 
mental difference in the reactivity of men, 
the usual failure to cause a demonstrable 
antitoxin production with a single injection 
being simply a matter of too small a dose or, 
to put it in a different way, of insufficient 
antigenicity. A comparable dose in the aver- 
age adult to that given guinea pigs would be 
from around 120 to 150 cubic centimeters of 
the available toxoids. Although workers have 
almost universally noted no antitoxin in the 
serum of human beings given one dose of 
toxoid, there are exceptions. Bergey (2) 
noted from 0.001 to 0.04 unit of antitoxin per 
cubic centimeter in 32 persons tested go days 
after a single dose of alum-precipitated toxoid; 
Marvell and Parish found from 0.005 to 0.01 
unit several months after a single dose of alum 
toxoid; and McBryde found after one injec- 
tion of alum toxoid that 81.5 per cent of g2 
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children had 0.01 unit, 14 per cent o.1 unit 
and 2.2 per cent 0.25 unit, only 2 children 
having less than o.o1 unit. Whether Mc- 
Bryde’s finding of larger amounts of antitoxin 
in children is linked with the proportionately 
larger amount of toxoid per unit of body 
weight which they received as compared with 
adults on whom most of these studies have 
been made, is a matter to be considered. 

There is no simple method of testing im- 
munity against tetanus in man, the only 
method at our disposal being the bio-assay in 
laboratory animals of the blood serum for 
antitoxin. One would like to know what titer 
level is necessary for adequate protection. 
Ramon (26) was of the opinion that o.oo1 
international unit represented a protective 
level in man because horses, which he feels 
are of the same order of sensitivity, survive 
the introduction of a splinter infected with 
a lethal dose of spores when their serum con- 
tains this amount of antitoxin. Sneath, 
Kerslake, and Scruby (29) suggested that 0.01 
unit per cubic centimeter is the protective 
level in man since this titer in guinea pigs 
affords protection against a lethal spore dose. 
Cowles concluded from antitoxin titers in 
man following injection of 1,500 units of anti- 
toxin, and in guinea pigs and mice at the time 
of infection with spores, that 0.1 or 0.2 unit 
can give a fairly certain protection. Gold 
(12) was of the opinion that we should aim at 
0.1 unit or more in active immunization be- 
cause of his antitoxin estimations in subjects 
given 1,500 units of antitoxin. Since it is 
impossible to be certain what antitoxin titer 
constitutes a protective level, it is also im- 
possible to state with certainty how long 
immunity lasts after a basic course of im- 
munization. Numerous authors have shown 
appreciable amounts of antitoxin to be present 
months or years after a course of immuniza- 
tion. Gold (10) found o.1 unit or more in 
g2 per cent of subjects 3 months after two 
injections of alum-precipitated toxoid, 71 per 
cent in 6 months, 56 per cent in 1 year, 30 
per cent in 2 years. 

The question has indeed been raised whether 
antitoxin titer per se is in reality a true index 
of the degree of immunity. Numerous authors 
have confirmed Ramon’s observation that im- 
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TABLE II.—EFFECT OF A SINGLE NONFATAL 
DOSE OF TOXIN ON THE ANTITOXIN TITER 
OF GUINEA PIGS WHICH HAD BEEN GIVEN A 
SINGLE INJECTION OF TOXOID ONE MONTH 


























PREVIOUSLY* 
ae Antitoxin titer in American units per c.c, 
Amount | Toxin given | of serum at intervals after injection of toxoid 
toxoid I month 
in after 
Ce. toxoid 3 months 4 months 6.5 months 
No 3.0, 3.0, 1.0, 1.0, 
4.0+, >4.0, | 1.0-2.0, 
1.0 >4.0 I.0-2.0, 2.0, 
2.0+ 
Yes >4.0, >4.0, 5.0-I0.0, 
>4.0, 10.0-15.0, >15.0 
> 10.0 
No 0.5, O.1-0.5, 
0.1-0.5, 
0.1-0.5, 
0.1-0.5, 
o.r >0.5, >0.5 
Yes >1.0, >1.0, > 10.0, 10.0—20.0, 
>1.0 20.0-50.0 
No <o.o1, <0.05 
<0o.o1, 
<o0.o1, 
0.Oo1 <0.o1, 
0.01, 0.05-+, 
>0.05 
7 Yes >0.05 >0.1, >0.1% 














*The amounts of toxin administered varied as can be seen in Table III. 


munized subjects will respond to a subsequent 
injection with a prompt rise in antitoxin titer. 
Analyzing reported blood serum titrations on 
300 individuals after such ‘“‘repeat” injections, 
I find that in 1 week all had 0.01 unit or more, 
all save 9 had 0.1 unit or more, 204 had o.5 
unit or more. There is no doubt that this 
capacity of the actively immunized subject to 
respond quickly to a repeat dose of toxoid is 
a most important consideration in the efficacy 
of toxoid as an immunizing agent. 

It is important to know whether the toxin 
produced in the course of the natural disease 
will similarly serve to cause a prompt eleva- 
tion of the antitoxin titer in immunized sub- 
jects. It has been known for some time that 
large doses of toxin are antigenic in horses, 
and toxin is used in conjunction with toxoid 
in the hyperimmunization of horses for the 
production of commercial antitoxin. Table II 
illustrates the fact that toxin brings about a 
decided increase in the titer of immunized 
guinea pigs. Three months after 1.0 cubic 
centimeter of toxoid has been given to guinea 
pigs and 2 months after varying doses of 
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TABLE IIlI.—RELATIONSHIP BETWEEN SERUM 
ANTITOXIN TITER AT THE TIME OF IN- 
JECTION AND THE PROTECTION AGAINST 
TETANUS TOXIN* 





























—_ Doses of tetanus toxin in median lethal guinea pig 
Peseta doses from which animals succumbed or survived 
units at = = 
time of 
injection Survived Died 
<o.o1 20 (0.01), 20 (0.01), 
50 (0.01), 400 (0.01), 
800 (0.01) 
©.01-0.1 | 100 (0.01), 300 (0.01), 100 (0.01), 200 (0.01) 
2000 (0.1) 
©.1-0.5 | 50 (0.01-T), 75 (0.01-T), | 36 (0.01), 80 (0.01), 
200 (0.01), 360 (0.1), 11,500 (0.1), 23,000 (0.1), 
8000 (0.1) 57,500 (0.1), 80,500 (0.1) 
©.5-1.0 | 2000 (1.0), 40,000 (1.0) 23,000 (0.1), 80,000 (1.0) 
I.0-2.0 | 20,000 (1.0), 8,000 (0.1)**,| 27,000 (1.0), 57,500 (1.0), 
10,000 (o.1)**, 115,000 (1.0), 
16,000** 230,000 (1.0), 
575,000 (1.0) 
2.0-3.0 | 20,000 (1.0), 60,000 (1.0) | 80,000 (1.0), 115,000 (1.0), 
230,000 (1.0), 345,000 (1.0) 
>4.0 10,000 (0.1-T), 


20,000 (0.1-T), 
30,000 (0.1-T), 
40,000 (1.0), 
50,000 (1.0-T), 
60,000 (1.0), 
75,000 (1.0-T), 
80,000 (1.0), 
100,000 (1.0-T), 
100,000 (1.0-T), 
120,000 (1.0-T) 











*The figures cited represent the amount of toxin in G-PLD sos given; 
the figures in parentheses indicate the amount of toxoid in c.c. the 
animal had received. 

T designates that in addition to toxoid the animal had received an 
injection of toxin from which it recovered. 

**The titer was >1.0. 


toxin, the animals have titers exceeding 4 
units per cubic centimeter, whereas 2 of 5 
control animals have only 3 units. Although 
in 4 months the titers of the controls have 
fallen to 1 or 2 units, those which had received 
toxin have titers of from 5 to more than 15 
units in 6% months. Results in animals im- 
munized with o.1 and with o.o1 cubic cen- 
timeter of toxoid are similar. Such studies 
demonstrate that toxin in sufficient but not 
fatal amounts serves in the course of several 
months to cause a significant increase in anti- 
toxin titer. They do not, however, answer 
the question whether this response is rapid 
enough to increase a low titer to a protective 
level before the patient might succumb to 
natural infection with Clostridium tetani. 


Others have attempted to answer this point 
with somewhat confusing results. 
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Jones and Jamieson (20) found that a num- 
ber of actively immunized guinea pigs survived 
a lethal spore dose but did not respond with 
an increase of serum antitoxin, assays being 
made on the seventh day and in some in- 
stances on the second, fourth, and fourteenth 
days. Jaulmes and Jude similarly found no 
increase in titer on the third, sixth, and tenth 
days after immunized guinea pigs had been 
given a lethal dose of spores from which they 
all recovered without symptoms. One ex- 
planation which leaves open the question of 
possible titer acceleration is that the toxin is 
neutralized as formed and has no opportunity 
of exerting antigenic activity (4, 17). Wolters 
and Dehmel found that two guinea pigs with 
low titers survived the introduction of splin- 
ters infected with a lethal dose of spores and 
showed increased titers on the sixth and 
eighteenth days. Zuger, Greenwald, and Ger- 
ber concluded from experiments with guinea 
pigs that actively immunized animals respond 
to toxin with increased titers on the fourth 
and fifth days and to infection with spores 
with a delayed titer rise, a significant eleva- 
tion occurring first on the 8th or roth day. 
This rise seemed to occur too tardily to afford 
adequate protection and suggested that such 
a rise following natural infection in man prob- 
ably cannot be relied upon to give sufficient 
protection. Our experiments suggest that the 
degree of protection against tetanus toxin de- 
pends upon the antitoxin titer at the time the 
toxin is administered (Table III). It appears 
that any increase in antitoxin which the toxin 
may have stimulated did not reach a suffi- 
ciently high level rapidly enough to alter the 
outcome, unless such a rise was almost directly 
proportional to the titer at the time the toxin 
was administered. This type of study should 
be extended to include inquiry into the degree 
of protection afforded by a given antitoxin 
titer induced by passive immunization as 
compared with the same titer resulting from 
active immunization. It should also be deter- 
mined whether a given antitoxin titer confers 
the same degree of protection at a time when 
the titer is rising, at its peak, or on the de- 
crease, as well as whether it resulted from a 
certain dose of toxoid or from a fraction of 
this dose. Such studies would throw addi- 
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tional light upon the question whether there 
is some immunity conferred by toxoid other 
than that represented by the antitoxin in the 
blood. Trabattoni states that immunity may 
persist in guinea pigs immunized with toxoid 
even when the serum antitoxin is diminished 
or absent, which he interprets as indicative of 
a true tissue immunity. 

The general plan of immunization consists of 
2 or preferably 3 infections of toxoid given at 
long intervals, never less than 4 weeks, and a 
reinjection at the time of injury. In certain 
instances it may be wise to keep the titer high 
in advance of possible injury by administra- 
tion of toxoid at intervals of 6 months or a 
year. For such purpose the intranasal instilla- 
tion of refined toxoid (topagen) is satisfac- 
tory (13). The French army uses 3 doses of 
the ‘‘triple vaccine”’ given at 3 week intervals, 
the British army 2 doses of plain toxoid at 
6 week intervals. The United States Army 
uses 3 injections of plain toxoid 3 or 4 weeks 
apart, a stimulating dose at the end of the 
first year, another during the month before 
departure for the zone of combat unless this 
takes place within 6 months of the stimulat- 
ing dose, and another dose at the time of 
injury. The United States Navy and Marine 
Corps use a similar plan except that alum- 
precipitated toxoid is used and the basic 
course consists of 2 injections 4 weeks apart. 
The demonstration that the simultaneous in- 
jection of tetanus toxoid with diphtheria 
toxoid or with typhoid-paratyphoid vaccine 
or with both is not only feasible but actually 
results in a higher antitoxin titer (19, 21, 27), 
is an important contribution. Tetanus toxoid 
can be easily given during the almost univer- 
sally practiced immunization against diph- 
theria in infants and may be given advan- 
tageously to those being immunized against 
typhoid fever. 

Ramon (26) stated that after thousands of 
injections no reactions of any moment had 
occurred. Several anaphylactic reactions in 
Great Britain have been reported. Cunning- 
ham and Parish and Oakley have each re- 
ported a case of nonfatal anaphylactic shock. 
Whittingham stated that among 61,042 mem- 
bers of the Royal Air Force who were im- 
munized, 2 had anaphylactic reactions and 
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12 constitutional symptoms such as malaise 
and fever. Seven of these had urticaria. Few 
reactions have been reported in this country. 
Jones and Moss (18) noted 2 delayed reac- 
tions consisting of local soreness and fever. 
Hall (15) encountered 2 urticarial reactions 
with the second dose of plain toxoid. Sub- 
sequently (16) he encountered one delayed 
urticarial reaction and 2 reactions with fever 
and malaise on the first injection of an alum- 
precipitated toxoid. On giving the second 
injection of this toxoid to 1,800 of these 
persons, 7 had fever and malaise, 4 had ur- 
ticaria, and 1 had anaphylaxis. The other 
500 were given another toxoid which he felt 
was more carefully washed, with no reactions 
at all. Gold (14) collected from his own 
experience and that of other workers 1,700 
cases of patients immunized with alum-pre- 
cipitated toxoid in whom there were only 2 
cases of urticaria. No fatal reactions have 
occurred, and the reported incidence of gen- 
eral reactions of all sorts is surprisingly low 
in view of the millions of persons who have 
been immunized. Although there is no gen- 
eral agreement, investigation to date tends to 
link the reactions to sensitization to the Witte 
or Berna peptone used in the culture medium 
in which the organisms were grown. There is 
reason to have confidence in the production 
of purer toxin by use of other media and 
methods of culture from which toxoids may 
be prepared which will cause no reactions. 
The efficacy of tetanus toxoid has been re- 
peatedly demonstrated in laboratory animals. 
The present armed conflict is putting to 
crucial test the protectiqn afforded in man 
by toxoid. Active immunization is compul- 
sory in the French and Italian armies, and is 
also used in the Russian army. Though on 
a voluntary basis, a large part of the British 
army has been actively immunized. I can 
find a record of only a single instance of 
tetanus in an actively immunized person, a 
patient reported by Simon and Patey, who 
had ‘‘an essentially benign and localized form 
of tetanus’ from which he recovered. The 
campaign in Flanders and the evacuation 
from Dunkirk gave indisputable evidence of 
the value of active immunization (1, 25). 
Ninety per cent of the British Expeditionary 
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Force were immunized. Each wounded man 
was to have been given 3,000 units of anti- 
toxin, but because of the force of circum- 
stances the majority of the wounded reached 
England without having received any anti- 
toxin. Among approximately 1,800 wounded 
men who were not immunized there were 8 
cases of tetanus; there were no cases of tetanus 
among some 16,000 wounded who had been 
actively immunized. 
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THE CLINICAL SIGNIFICANCE OF THE SERUM AMYLASE 
TEST IN THE DIAGNOSIS OF ACUTE PANCREATITIS 


H. McCORKLE, M.D., and LEON GOLDMAN, M.D., San Francisco, California 


N the last few years a number of clinicians 
have used determinations of the level of 
amylase in the blood serum as an aid in 
the differential diagnosis of acute pan- 

creatitis. This laboratory test has been used on 
the University of California Emergency Serv- 
ice at the San Francisco Hospital for the last 
34 years and has proved to be of considerable 
assistance in making a diagnosis of acute pan- 
creatitis. In the differential diagnosis of cer- 
tain other cases of acute, but obscure, ab- 
dominal disease the test has been of value in 
excluding the possibility of acute pancreatitis. 

It is essential that the technique for the 
determination of serum amylase be standard- 
ized, and its accuracy confirmed repeatedly 
before the results can be considered signifi- 
cant. The normal range of serum amylase 
levels must be known, and their possible vari- 
ations must be realized before a correct inter- 
pretation of the test can be made. We have 
used Somogyi’s “‘saccharogenic”’ method for 
the determination of amylase as well as his 
definition of the unit. The amylolytic activity 
of the serum of any given normal person is 
usually very nearly at the same level regard- 
less of fasting, feeding, kind of food, time of 
day, exercise, etc. (Fig. 1). Serum amylase 
activity in groups of normal persons is re- 
ported by most observers as being almost 
always within the limits of from 80 to 180 
units, though Lewison reported from 40 to 175 
units as the normal range in his series, and 
Comfort gave 320 units as the upper limit of 
normal. In our investigations, variations 
from the range between 80 and 180 units 
usually did not occur in normal persons, but 
occasionally readings below the normal limit 
(that is below 80 units) were found in those 
apparently healthy. 


From the Division of Surgery of the University of California 
Medical School and the University of California Surgical Service 
at the San Francisco Hospital. 

Presented in the Forum on Fundamental Surgical Problems 
before the Clinical Congress of the American College of Surgeons, 
Boston, November 3-7, 1941. 


A considerable elevation in serum amylase 
almost always occurs at some time during an 
episode of acute pancreatic necrosis, acute 
interstitial pancreatitis (acute pancreatic 
edema) or acute traumatic pancreatitis. Sig- 
nificant elevations in the amount of amylase 
found in the serum rarely occur except in cer- 
tain phases of acute disease of the pancreas, 
although in certain instances acute parotitis 
will cause a rise in serum amylase and occa- 
sionally diseases of the kidney are accom- 
panied by a slight elevation resulting from 
impaired renal excretion. Renal disease with 
retention of amylase is readily recognized if 
determinations of both serum and urinary 
amylase are made in all cases in which the 
serum amylase is only slightly increased. 

In the past 31% years, 743 amylase deter- 
minations have been made on patients on the 
University of California Service at the San 
Francisco Hospital. Most of them were made 
on blood serum in cases of suspected pan- 
creatitis, or in conditions in which differentia- 
tion of pancreatitis from other acute ab- 
dominal disease was difficult. Other amylase 
determinations were made on bile, urine, 
peritoneal fluid, and fluid from cysts. The 
serum amylase was studied in 43 cases of acute 
pancreatitis. The lowest maximum reading in 
any single case of this disease was 225 units, 
the highest was 2,459 units, and the average 
maximum reading was 696 units. The average 
undoubtedly would have been higher had not 
a number of the patients entered late in the 
course of their disease when the amylase level 
was probably subsiding. In 35 of the 43 cases 
the diagnosis was acute interstitial pan- 
creatitis (acute pancreatic edema), in 6 acute 
hemorrhagic pancreatitis (acute pancreatic 
necrosis) was diagnosed, and there were 2 
cases of traumatic pancreatitis (Table I). 

In more than 200 other cases of acute ab- 
dominal disease the serum amylase test was 
used as a diagnostic aid to rule out the possi- 
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TABLE I.—CASES OF ACUTE PANCREATITIS 
STUDIED BY THE SERUM AMYLASE TEST 
Confirmed by 


No. of operation or 


cases autopsy Deaths 


Acute hemorrhagic pancreatitis 


(Pancreatic necrosis)........ 6 4 4 

Acute interstitial pancreatitis 
(Pancreatic edema)......... 35 13 I 
Acute traumatic pancreatitis... _2 2 ° 
, | SRE ren Anan oor 43 19 5 


bility of acute pancreatitis. When the amy- 
lase test is done within the first 2 or 3 days of 
the acute illness, a low or normal reading is of 
considerable value in eliminating the likeli- 
hood of acute pancreatitis. 

Determinations of serum amylase were 
made in 42 cases of acute cholecystitis (Table 
II). In 14 of the 42, the additional diagnosis 
of acute pancreatitis was made because of high 
serum amylase readings and in 8 of the 14 
the diagnosis was confirmed by operation or 
autopsy. Acute pancreatitis was diagnosed 
in 6 of 26 cases of chronic cholecystitis because 
of high serum amylase readings (Table II) 
and in 4 the diagnosis was confirmed at opera- 
tion or autopsy. Table II shows the serum 
amylase values found in 12 cases of stone in 
the common duct. Acute pancreatitis was 
present in 1 of these in which the amylase 
level was 1,875 units. 

The following case reports are examples of 
the 3 main types of proved acute pancreatitis 
that show great elevations in the serum amy- 
lase level, namely, pancreatic necrosis, inter- 
stitial and traumatic pancreatitis. 


CasE 1. A housewife 38 years of age complained 
of severe epigastric pain radiating to the back, asso- 
ciated with nausea and vomiting of 8 days’ dura- 
tion. There had been no previous attacks and there 
was no history of alcoholism. She appeared to be 
acutely ill. The abdomen was distended, there was 
ecchymosis in the flanks and Cullen’s sign was 
present. A large tender mass was palpated in the 
epigastrium. The temperature was 102 degrees, the 
pulse rate 114, and the white blood count 21,000, 
with 90 per cent polymorphonuclear cells. Uri- 
nalysis showed a trace of albumin and slight gly- 
cosuria. The serum amylase was 1,158 units on the 
eighth day of the illness. The icterus index was 32. 
The patient’s temperature ranged between 101 and 
103 degrees. On several occasions she developed 
profound shock associated with cyanosis from 
which she recovered temporarily following trans- 


TABLE II.—SERUM AMYLASE IN DISEASE OF 
THE GALLBLADDER AND BILE DUCTS 


Serum amylase—Units Total 


Disease 0-80 80-200 over200 Cases 
Acute cholecystitis... . 16 12 14 42 
Chronic cholecystitis. . 7 15 6 28 
Common duct stone. . 5 6 I 12 
WIS aise cccee 28 33 21 82 


fusions of blood. On the tenth day of the disease the 
epigastric mass was drained through a small midline 
incision, under local anesthesia. A considerable 
amount of hemorrhagic fluid was found together 
with necrosis of fat and acute hemorrhagic necrosis 
of the pancreas.’ The patient died on the eleventh 
day. At autopsy acute pancreatic necrosis and fatty 
degeneration of the liver were found. The gall blad- 
der and bile ducts were normal. 

Case 2. A housewife 43 years of age had pain 
in the epigastrium and right upper quadrant of the 
abdomen, with vomiting of 24 hours’ duration. She 
had had a similar attack 2 weeks previously. There 
was no history of alcoholism. Tenderness, spasm 
and rebound tenderness were present throughout 
the entire abdomen, but were most marked in the 
right upper quadrant. The temperature was 103 
degrees, the pulse rate 104 and the white blood 
count 21,000, with 98 per cent polymorphonuclear 
cells. The only abnormal finding on urinalysis was 
a faint trace of albumin. The level of the serum 
amylase was not determined at this time. The diag- 
nosis was acute cholecystitis. At operation the gall 
bladder was found to be normal but the pancreas 
was indurated and edematous. The serum amylase 
was 262 units on the first postoperative day. The 
convalescence was uneventful. Subsequently the 
patient had numerous episodes of mild abdominal 
pain. A very severe attack of epigastric pain oc- 
curred about 1 year later and, after 24 hours, she 
entered the hospital again. She appeared acutely 
ill. The abdomen was tender and spastic throughout 
with most marked findings in the epigastrium and 
right upper quadrant. The temperature was 100 
degrees, the pulse rate 110 and the white blood 
count 11,800, with 81 per cent polymorphonuclear 
cells. Urinalysis showed a faint trace of albumin. 
The serum amylase was 1,105 units on the first day 
and 630 units on the third day. The attack subsided 
spontaneously. 

CasE 3. A boy g years of age, hit by an automo- 
bile, fell to the street striking his left side, about 1 
hour before he entered the hospital. He complained 
of severe pain in the left upper abdominal quadrant. 
There was no radiation of pain and no vomiting 
Tenderness, rebound tenderness, and spasm were 
present in the left upper abdominal quadrant. The 
temperature was 98.6 degrees, pulse rate 120, and 
blood pressure 130/80. A blood count showed 11,900 
white blood cells, with 55 per cent polymorpho- 
nuclears, 80 per cent hemoglobin, and 4,800,000 red 
blood cells. During 4 hours’ observation, the ab- 
dominal findings increased somewhat in severity. 
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Fig. 1. This graph indicates the results of a series of 
serum amylase determinations taken on a normal person 
at various times over a period of 4 days. The readings are 
very nearly the same regardless of fasting, feeding, time of 
day, etc. The shaded area designated as “‘normal zone” 
represents the usual range of variations of normal serum 
amylase levels in a group of normal persons. 


The serum amylase level was 2,117 units. The diag- 
nosis was traumatic rupture of the spleen and trau- 
matic pancreatitis. At operation, a large amount of 
bloody fluid was found in the peritoneal cavity. 
The spleen was found to have been lacerated and 
was removed. The tail of the pancreas was edematous 
and hemorrhagic. The patient recovered. 

Several types of variations that may occur 
in the serum amylase level during an episode 
of acute pancreatitis must likewise be con- 
sidered. In order to understand these varia- 
tions a number of patients were studied over 
a period of several days and serum amylase 
determinations were made at intervals of from 
8 to 12 hours. At the same time, an attempt 
was made to correlate the clinical course of the 
acute pancreatic disease with the variations 
in serum amylase. In this study we noted 6 
types of variation of the serum amylase level 
in acute pancreatitis: (1) sharp rise and fall 
to normal; (2) sharp rise and fall to subnor- 
mal; (3) fluctuations (following the clinical 
subsidence of acute pancreatitis); (4) sus- 
tained high levels; (5) secondary elevations; 
and (6) slight increases. 

In the following discussion a case report is 
given to illustrate each type. 

1. Sharp rise and fall to normal. A sharp 
rise in serum amylase almost always occurs 
within a few hours after the onset of acute 
pancreatic disease, and the level usually re- 
mains elevated for from 24 to 72 hours, and 
then declines sharply into the normal zone 
(Fig. 2). The height of the rise of the serum 
amylase level during an episode of acute pan- 
creatitis does not necessarily reflect the 
severity or indicate the type of the acute pan- 
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Fig. 2. (Case 4, male, aged 38.) Sharp rise and fall 
of the serum amylase level in a case of transient acute in- 
terstitial pancreatitis associated with acute alcoholism. 
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creatic disease. The declination in the curve 
does not always correspond exactly to the 
subsidence of the acute process, but often it 
does in the acute interstitial type of pan- 
creatitis. Occasionally the level of serum 
amylolytic activity declines; more gradually 
than usual following an attack of acute pan- 
creatitis. As far as we know at the present 
time, this latter finding is of no particular 
significance. 


Case 4. A man 38 years of age had been drinking 
considerable quantities of alcohol for several days 
before the onset of his illness. For about 48 hours 
prior to his entry into the hospital he had had severe 
burning epigastric pain radiating to the back. He 
vomited once. There had been a similar attack 3 
years before. His abdomen was tender throughout 
with maximum tenderness in the epigastrium and 
some spasm in the same region. His temperature 
was 99.6 degrees and pulse rate 68. Urinalysis 
showed a trace of albumin but no sugar. The white 
blood count was 26,200 with 89 per cent polymor- 
phonuclear cells. Serum amylase studies were taken 
twice daily (Fig. 2). The pain and tenderness had 
subsided completely by the day after entry to the 
hospital but slight spasm remained in the epigas- 
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Fig. 3. (Case 5, female, aged 69 years.) Sharp rise and fall into the “subnormal” 
zone of the serum amylase level in a case of acute cholecystitis and acute pancreatitis. 
A second attack of abdominal pain on the seventeenth day of hospitalization was ac- 
companied by a second elevation in the serum amylase level. 


trium. On the third day the patient had no symp- 
toms or signs of his disease and left the hospital. 


2. Sharp rise and fall to subnormal level. 
The final explanation of the dip below the 
normal zone that sometimes occurs in acute 
pancreatitis has not been made, although most 
observers believe that the extremely low levels 
correspond to episodes of impairment of 
hepatic function. The possibility that the 
normal zone of serum amylase activity should 
be reduced to include lower readings (below 
80 units) must also be considered. 


CasE 5. A woman 69 years of age complained of 
aching pain in the right upper quadrant, radiating to 
the tip of the right scapula, with nausea and vomit- 
ing of 12 hours’ duration. She gave a history of 


® 700 
Q a) 

& 600 £5 

N 8’ 

C2 500 n..8 
“6-400 2 

¢™ 300 

2 R00 me 
& 1:00 PAY 








1R 545 EC?7T E91 11 2 5 14 15 6 
Days 

Fig. 4. (Case 6, male, aged 39 years.) The graph of 
serum amylase levels in this case of acute interstitial 
pancreatitis associated with acute alcoholism demonstrates 
the fluctuations above and below, as well as within the 
usual normal zone, that sometimes occur following the 

subsidence of an attack of acute pancreatitis. 


chronic cholecystitis with many episodes of colic for 
40 years. She was very obese and acutely ill. The 
abdomen was moderately distended and guarding 
and tenderness were noted in the epigastrium and 
right upper quadrant. Her temperature ranged 
from 100 to 102 degrees and her pulse rate from go 
to 110; the white blood cell count was 18,600. The 
patient appeared to improve but because of the 
severe tenderness remaining in the right upper 
quadrant, acute cholecystitis was suspected. Chole- 
cystostomy was done under local anesthesia. The 
gall bladder was inflamed and contained calculi. 
The amylase in the peritoneal fluid was 89.5 units 
and that in the bile, 170 units. The amylase levels 
in the blood serum are shown in Figure 3. On the 
seventeenth day after entry, the patient had a 
second attack of moderately severe pain and tender- 
ness in the right upper quadrant that subsided 
within 48 hours. Cholangiography showed a cal- 
culus at the lower end of the common duct. 

Case 9 (Fig. 7) also illustrates this fall of 
the serum amylase level below the normal zone 
following an attack of acute pancreatitis. 

3. Fluctuations within the normal zone and 
slightly above and below the usual normal 
range (from 80 to 180 units) occur rather fre- 
quently during the days following an episode 
of acute pancreatitis. At present, the signifi- 
cance of these fluctuations is unknown. The 
‘“‘subnormal”’ readings mentioned are often 
a part of this fluctuating curve as may be seen 
in Figure 4. 

Case 6. A brewer, 39 years of age, gave a history 
of drinking very large amounts of alcohol for a period 
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Fig. 5. (Case 7, male, aged 49 years.) Sustained high amylase levels in a case of 


acute cholecystitis and acute pancreatitis. 


In this case the serum amylase’ remained 


elevated for 4 or 5 days following the subsidence of signs of acute pancreatitis. Sus- 
tained high amylase levels are more often associated with a continuation, extension, 


or progression of acute pancreatitis. 
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Fig. 6. (Case 8, male, aged 47 years.) 
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Moderately high secondary rise in serum 


amylase level that developed following the subsidence of the signs and symptoms of 
an attack of acute pancreatitis. In this case there were no symptoms or signs of 
exacerbation of acute pancreatitis to correspond to the secondary rises in serum amylase. 


of 1 month. He entered the hospital complaining of 
severe and constant epigastric pain associated with 
nausea and vomiting of 18 hours’ duration. The 
abdomen was obese and spasm and tenderness were 
noted in the upper part of the abdomen. The tem- 
perature was 101.6 degrees and the pulse rate 116. 
The white blood count was 17,300, with 80 per cent 
polymorphonuclear cells. The urinalysis showed a 
trace of albumin but no sugar. The serum amylase 
levels are shown in Figure 4. The pain and abdom- 
inal findings subsided in 24 hours, but fever and 
vomiting continued for several more days. 


4. Sustained high amylase levels may be 
associated with a continuation, extension, or 
progression of acute pancreatitis, or with 


acute exacerbations of pancreatitis occurring 
at very frequent intervals. Case 7 demon- 
strates sustained high amylase values. 


Case 7. A man 49 years of age complained of 
cramping pain which began in the left upper quad- 
rant and radiated to the left shoulder and back. 
He was nauseated and vomited several times. There 
was a history of chronic cholecystitis and occasional 
episodes of severe colic in the left upper quadrant, of 
10 years’ duration. There was no history of alcohol- 
ism. The patient was jaundiced, the abdomen was 
moderately distended and there was tenderness in 
the entire upper part of the abdomen, most marked 
in the epigastrium. The temperature was 98.6 de- 
grees and the pulse rate was roo on entry. Blood 
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Fig. 7. (Case 9, female, aged 69 years.) In this case 
in which the clinical signs and symptoms were rather 
typical of acute pancreatitis, the slight elevation in serum 
amylase is somewhat confirmatory of acute pancreatitis. 
This graph also shows the “dip” below the normal zone of 
serum amylolytic activity that sometimes follows an at- 
tack of acute pancreatitis. 
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count showed 7,600 white blood cells, with 68 per 
cent polymorphonuclears. The urine contained 
bile but was otherwise negative. On the morning of 
the seventh day after entry, the patient had severe 
pain in the left upper quadrant with nausea, vomit- 
ing, and epigastric tenderness. The. white blood 
count was 18,100 and urinalysis showed a heavy 
trace of albumin. The serum amylase readings are 
shown in Figure 5. The diagnosis was acute pan- 
creatitis and acute and chronic cholecystitis with 
icterus. The acute abdominal symptoms and signs 
subsided over the next 3 days, but the amylase level 
remained elevated for more than a week and grad- 
ually declined into the normal zone (Fig. 5). Opera- 
tion was performed during a quiescent period. The 
gall bladder was still somewhat inflamed and ede- 
matous and contained many calculi, the common 
duct was enlarged and contained a large soft stone, 
and the pancreas was enlarged and indurated. 

5. Acute exacerbations of pancreatitis are 
often reflected in the graphic curves of serum 
amylase readings as secondary elevations 
when the patient has had more than one epi- 
sode of acute pancreatitis while under ob- 
servation. Case 5 (Fig. 3) serves as an exam- 
ple of a case of acute pancreatitis in which 
there was an exacerbation of the disease while 
the patient was in the hospital. Occasionally 
these secondary rises in the level of serum 
amylase follow a few days after an attack of 
acute pancreatitis without subjective or other 
objective findings indicative of an exacerba- 
tion of the disease. After the subsidence of an 
episode of acute pancreatitis, a rise in the 
serum amylase, not necessarily accompanied 
by abdominal pain, may be caused by the 
manipulation of the pancreas that sometimes 
occurs during the course of surgical proce- 
dures on the bile duct. 
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Case 8. A man 47 years of age complained of 
severe epigastric pain and vomiting of 4 days’ dura- 
tion. He had had no abdominal pain or indigestion 
previously. He had used alcohol many years before, 
but none recently. The abdomen was moderately 
distended and generalized tenderness and spasm 
were most marked around the umbilicus. The tem- 
perature was 100 degrees and the pulse rate 80. The 
white blood count was 15,400, with 87 per cent poly- 
morphonuclear cells. The urinalysis was negative. 
The abdominal pain and tenderness subsided over a 
period of 3 days, and the patient remained free from 
symptoms thereafter during his hospitalization. The 
serum amylase level, however, rose to 530 units on 
the ninth day, though there were no symptoms or 
signs of disease at that time (Fig. 6). Operation was 
performed during a quiescent period. Mild chronic 
cholecystitis and edema and induration of the entire 
pancreas were found. Cholecystectomy was done. 


6. Slight increases in the serum amylase are 
of relatively less diagnostic value than are the 
moderate or large increases that usually ac- 
company the early course of acute pancrea- 
titis. Slight elevations in serum amylase, 
however, may be considered as somewhat 
more significant when they are found in pa- 
tients who present themselves late in the 
course of acute pancreatic disease, or just 
after the subsidence of a typical episode of 
acute abdominal pain. Case g is illustrative. 


CASE 9. A woman 69 years of age complained of 
severe epigastric pain and vomiting of 24 hours’ 
duration. She had had no abdominal discomfort 
previously, and there was no history of alcoholism. 
Marked tenderness was present in the epigastrium 
The temperature was 100 degrees and the pulse 
rate 70. The blood count showed 17,700 white 
blood cells, with 90 per cent polymorphonuclears. 
The urine showed a trace of albumin. The pain and 
tenderness subsided completely over the ensuing 
24 hours. The gall bladder visualized normally by 
cholecystography. Figure 7 shows the serum amylase 
determinations. 


If the clinical picture is less typical of acute 
pancreatitis, these slightly increased serum 
amylase readings must be considered equivo- 
cal. This is seen in Case ro. 


CaAsE 10. A woman 63 years of age complained of 
severe pain in the right upper quadrant, with nausea 
and vomiting of 2 days’ duration. She was not par- 
ticularly ill. Her previous history suggested chronic 
cholecystitis of many years’ duration. She used 
alcohol occasionally. There was tenderness through- 
out the entire abdomen, most marked in the upper 
right quadrant where spasm was also present. The 
temperature was 99.2 degrees and the pulse rate 7:. 
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Fig. 8. (Case 10, female, aged 63 years.) The slight elevations in the serum 
amylase level are of relatively less confirmatory value in this case in which the clinical 
findings are not typical of acute pancreatitis. 


Blood count showed 9,300 white cells with 86 per 
cent polymorphonuclears. ‘The urine showed a 
trace of albumin but no sugar. The symptoms and 
signs of illness subsided over a period of 3 days. 
The gall bladder was visualized normally by chole- 
cystography. The serum amylase readings are shown 
in Figure 8. 


SUMMARY 


The laboratory determination of the serum 
amylase is a valuable diagnostic test in acute 
disease of the pancreas. Moderate to marked 
elevations in serum amylase activity occurring 
early in the course of an acutely painful ab- 
dominal condition offer confirmatory evidence 
of acute pancreatitis. The serum amylase 
test is also of some value in the recognition 
of acute pancreatitis occurring as a complica- 
tion of cholecystitis or disease of the bile ducts. 

The limitations and possible variations of 
the test for serum amylase must be known 


. 


before its diagnostic value can be realized. 
Within these limitations the test may often be 
of considerable assistance to the surgeon. Six 
variations that may occur in the serum amy- 
lase during, and immediately after, an episode 
of acute pancreatitis are described. 
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THE EFFECT OF DISTENTION OF THE SMALL INTESTINE, 
ANOXEMIA AND OXYGEN THERAPY UPON THE FLOW 
OF BILE AND URINE IN THE DOG 


Relationship to the Hepatorenal Syndrome 


J. G. SCHNEDORF, M.D., and THOMAS G. ORR, M.D., F.A.C.S., Kansas City, Kansas 


HERE has been much speculation as 

to the cause of the combined failure 

of liver and kidney function and de- 

generation in some cases of intestinal 
obstruction, peritonitis, hyperthyroidism, and 
burns. We have tried, therefore, to investi- 
gate the possible existence of a physiological 
basis for the occurrence of the hepatorenal 
syndrome in these conditions. 

We first studied the effect of distention of 
the entire small intestine upon the flow of bile 
and urine. These experiments were performed 
upon 10 dogs fasted for 18 hours and anes- 
thetized with sodium pentobarbital (30 milli- 
grams per kilogram of body weight intra- 
venously). The blood pressure was recorded 
from the cannulated left carotid artery. The 
respiration was recorded from a_ bellows 
around the chest of the dog. Bile flow was 
studied in 7 dogs by cannulating the common 
bile duct close to the duodenum after ligation 
of the cystic duct near the common duct. The 
drops of bile were recorded by an electrical 
recorder. A ligature was placed around the 
duodenum and a large cannula was tied into 
the terminal ileum which was also ligated, 
distal to the cannula. The cannula was at- 
tached to a mercury manometer and an infla- 
tion bulb by means of a Y tube. The ab- 
dominal wall was closed with heavy silk sut- 
ure. A control basal flow of bile was then 
obtained after an interval of about 30 minutes. 

Intestinal distention was maintained at 
pressures of 20, 40, and 70 millimeters of 
mercury for a period of 30 minutes each. 
Oxygen was administered by means of a nasal 

From the Department of Surgery and the Hixon Laboratory of 
Medical Research, University of Kansas School of Medicine. 
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catheter to determine what effect it had upon 
the bile flow with the intestine distended to 
pressures amounting to 40 and 70 millimeters 
of mercury. 

The excretion of urine was studied in a 
similar manner upon 3 dogs. Each ureter was 
cannulated, and the flow of urine was recorded 
on a revolving kymograph drum by electrical 
recorders. A uniform mild diuresis was main- 
tained by the continuous intravenous drip 
administration of 1000 cubic centimeters of 
physiologic sodium chloride solution over a 
period of 4 hours. In all of the experiments, 
especial care was taken to avoid the kinking 
of the cannulas when the intestine was dis- 
tended. 

Resulis. Intraenteric pressures of 20 and 40 
millimeters of mercury resulted in a decrease 
in the bile flow of 7 to 42 per cent below the 
control level in 6 of the 7 dogs (Table I). 
Dog 6 showed no change. These pressures are 
comparable to intraenteric pressures in human 
cases of intestinal obstruction reported by 
Wangensteen. Since higher pressures may 
occur in some clinical cases of intestinal ob- 
struction, we distended the intestine to a 
pressure of 70 millimeters of mercury and 
found a further decrease in the bile flow in 4 
dogs. Oxygen therapy lessened this inhibition 
in all of the dogs treated. 

Nervous reflex inhibition of the flow of 
urine did not occur upon distention of the 
small intestines to pressures of 20, 40, 60, and 
go millimeters of mercury. An increase in the 
urine flow from 11 to 81 per cent occurred 
(Table II). This was attributed to an in- 
creased blood flow through the kidneys. 

The blood pressure in each instance was 
not significantly altered by distention of the 
small intestine. 
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TABLE I.—EFFECT OF ACUTE INTESTINAL DIS- 
E | TENTION UPON THE FLOW OF BILE IN THE 
: NEMBUTALIZED DOG 


TABLE III,—EFFECT OF INHALATION OF VARI- 
OUS OXYGEN CONCENTRATIONS UPON THE 
FLOW OF BILE IN THE NEMBUTALIZED DOG 


Be ORR: 





} Intraenteric pressure in millimeters of mercury Per cent oxygen inhaled fer one-half hour 
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in 3 dogs the flow was increased above the nor- 
mal control level. 


SUMMARY 


The results of our investigations so far 
indicate that there is a physiological basis for 
the combined failure of liver and kidney func- 
tion in some cases of intestinal obstruction. 
Liver function is first impaired by a nerve re- 
flex inhibition due to distention of the in- 
testine. 

The anoxemia present in cases of severe 
intestinal distention, hyperthyroidism, and 
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burns may produce a marked decrease in 
the formation of bile and urine. If mild, this 
may be a predisposing cause making the liver 
and kidneys more susceptible to other in- 
jurious agents. In some instances in which the 
anoxemia is severe, it may be the primary 
factor responsible for the combined failure of 
liver and kidney function and in some in- 
stances may produce an acholia and anuria. 

Inhalations of high concentrations of oxygen 
are indicated when anoxemia is suspected as a 
factor in cases of impaired liver and kidney 
function. 
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PRINCIPLES OF PLASTIC SURGERY IN THE TREATMENT 
OF MALIGNANT TUMORS OF THE FACE 


HERBERT CONWAY, M.D., F.A.C.S., New York, New York 


ALIGNANT tumors of the skin 

occur most frequently on the ex- 

posed areas of the body, es- 

pecially on the face; therefore, 
the appearance of the lesion or the increase 
in the size of a long standing cutaneous 
growth is recognized by the patient early in 
the course of the disease. However, the path- 
way open to him is an uncertain one, since 
there is conflict of professional opinion as to 
the ideal method of treatment for malignant 
lesions of the skin. Fear of facial disfigure- 
ment as a result of treatment is uppermost in 
the mind of the patient. Undoubtedly it is 
due to these factors that a high percentage of 
malignancies of the face are recurrent lesions 
when they are presented for surgical excision. 
In the management of the slowly growing, 
nonmetastasizing basal cell carcinoma of the 
skin, as well as in the more rapidly developing 
and metastasizing epidermoid carcinoma, the 
responsibility of the profession is great, for 
the vast majority of these lesions are curable 
if treated by an adequate method early in the 
course of the disease. If allowed to invade the 
bony structures of the face and head, they 
may be the cause of death. Therefore, it must 
be clear that the cardinal principle of any 
treatment which may be employed with safety 
is the complete destruction of the lesion. The 
general practitioner, in his advice to the 
patient with an early malignant tumor, must 
sclect one of four methods of therapy: electro- 
desiccation, x-ray therapy, radium therapy, or 
primary surgical extirpation. Reports in the 
literature concerning recurrent carcinoma of 
the skin indicate that the percentage of recur- 
rence following electrodesiccation is suf- 
ficiently high to justify condemnation of this 
treatment. Although x-ray treatment is an 
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efficient method of dealing with basal cell 
carcinomas, especially since it does not entail 
hospitalization and leaves minimal disfigure- 
ment, it has the disadvantages that therapy 
must be planned upon information obtained 
from biopsy and the entire growth is not 
available for microscopic study. Also the 
scarring of soft tissues produced by the ray 
may make it difficult to recognize a recurrence. 
Radium therapy has many of the same ad- 
vantages and disadvantages as has x-ray 
therapy. The deforming scar which follows 
radium therapy often necessitates subsequent 
plastic excision. Surgery alone offers the 
satisfaction of complete extirpation of the 
malignant lesion and, in addition, the speci- 
men is available for microscopic determination 
of the extent of its invasion. The single ob- 
jection to surgery is the problem presented in 
the satisfactory restoration of the contour of 
the face—the appearance of the patient. If 
the removal of a malignant tumor of the face 
results in serious disfigurement, the patient is 
confronted with new difficulties, both eco- 
nomic and psychic, such as the loss of his job, 
or the development of an inferiority complex 
due to self-consciousness of his deformity. It 
is the object of this presentation to point out 
that, with a knowledge of the principles of 
plastic surgery, malignant tumors of the face 
can be treated successfully by surgery when 
first diagnosed and that the final cosmetic re- 
sult is equal to or better than that of any 
other method. There is the additional satis- 
faction of knowing that the lesion has been 
removed completely. Once the lesion recurs 
following adequate primary irradiation, rad- 
ical surgical extirpation certainly is justified. 
In this presentation certain principles of 
plastic surgery will be emphasized which come 
into play in the treatment of malignant lesions 
of the face and the subsequent restoration of 
appearance and function. If utilized by sur- 
geons, they serve to place a high percentage 
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of carcinomas of the face in the group which 
can be treated satisfactorily by surgery. If 
carcinoma of the face is to be dealt with by 
the surgeon, he should be familiar with and 
adhere to the following principles: 

1. Generous estimate, in advance, of the 
tissue which must be removed with the lesion. 

2. Consideration of Langer’s lines of elas- 
ticity of the skin in planning the incision. 

3. Use of the “temporary Thiersch graft.” 

4. Indications for the use of free grafts of 
skin, derma, fat, fascia, cartilage, and bone. 

5. Use of pedunculated flaps. 

6. Indications for the use of prostheses. 


STATISTICS 


From September, 1932, to September, 1940, 
exactly 100 patients were treated by surgery 
at the New York Hospital for malignancy of 
the skin of the face and neck. A histological 
classification of these tumors of the skin of 
the face and neck is presented in Table I. 


TABLE I.—HISTOLOGICAL CLASSIFICATION 


Cases 
Basal cell CANCINOMNA. ......0.00 ccc ccescccccccvitucce 40 
Recurrent basal cell carcinoma.................... 14 
Recurrent basal cell carcinoma invading bone... . I 
EDMICTTIONE CATCIMOMD...«. 005. eee een cess eeees 12 
Recurrent epidermoid carcinoma.................. 7 
Epidermoid carcinoma invading bone.............. I 
Recurrent epidermoid carcinoma invading bone... . . 2 
Epidermoid carcinoma of lip.....................-. 10 
NS’ POE LOE RPP OT IT 4 
ae 3 
Epithelioma adenoides cysticum..................-. I 
SR Ay CU ene rer eae ee ee I 
Fibrosarcoma invading bone...................... 2 
Metastatic carcinoma from thyroid................ I 
Adamantinoma invading skin..................... I 


Basal cell carcinoma. It should be stated 
here that it is not a fixed policy to treat all 
basal cell carcinomas of the skin by surgical 
excision. X-ray therapy is an efficient method 
of dealing with these growths and may be 
carried out without the expense of hospitaliza- 
tion. Thus, no time is lost from work and the 
therapy is effective with minimal facial dis- 
figurement. However, it is interesting to note 
in a study of the 40 cases of basal cell car- 
cinoma that primary surgical excision in 
tumors of the skin is as effective as x-ray and 
that the cosmetic results compare favorably 
with any other method. The follow-up on 





these cases shows that out of 4o there wa 
only 1 which recurred following primary sur 
gical excision. Thirty-nine cases are free fron 
disease 3.1 years after operation: the rate oj 
survival for 3 years without disease, therefore, 
is 94.7 per cent; the 5 year disease free sur- 
vival rate is go per cent. The method of 
surgical treatment employed in these cases 
was as follows: simple excision, 20 cases; ex- 
cision and thick split graft, 9 cases; excision 
and whole thickness graft, 11 cases. The 
anatomical distribution of the lesions in these 
40 cases was as follows: on the nose, 11 cases; 
cheek, 9; neck, 5; eyelid, 5; chin, 3; ear, 3; 
temple, 1; forehead, 2; lip, t. 

Epidermoid carcinoma. Because of the high 
degree of malignancy of the epidermoid car- 
cinomas and their tendency to metastasize, 
surgery is advised for them as a primary 
method of treatment. In the period of time 
covered by this survey, 12 cases of epidermoid 
carcinoma of the skin of the face and neck 
were treated by primary surgical excision. 
Anatomically these were distributed as fol- 
lows: 3 cases of the ear; 3 of the nose; 2 of the 
cheek; 3 of the temple; 1 of the eyelids. The 
methods of surgical treatment were as follows: 
simple excision in 8 cases, excision and whole 
thickness graft in 1, excision and thick split 
graft in 2, excision and sliding flap in 1 case. 

Metastatic cervical glands have been re- 
moved by block dissection or treated by x-ray 
therapy. Three of these patients were op- 
erated upon sufficiently long ago to be re- 
ported as 3 year cures. The follow-up at the 
present time shows that with the exception of 
I patient who died of heart disease 1 year 
after operation, all are free from disease at an 
average time of 11% years after operation. 

Recurrent basal cell carcinoma. In this inter- 
esting group there are 15 cases including 1 in 
which the recurrent growth had invaded the 
frontal bone. The previous treatment re- 
ceived by these patients is listed as follows: 


Cases 
X-ray therapy, adequate dosage................... 4 
X-ray therapy, amount unknown.................. I 
Radium therapy, amount unknown................ 3 
IN soc cc eak bec cous eae nade ian pare mrs I 
EE ee eee eT . & 
NIN ca. 5-75, 5 4o-o'<igpaere lent el or diaGhouasipre scenes I 
INN 22h. Hv ki i os Cistgtieedtoree eee OSG I 
Method of therapy unknown................... 2 
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TABLE II.—MALIGNANCY OF THE FACE INVOLVING THE BONE 


: | 
Case” | Lesion | 


Operative treatment 


Result 





I | Sarcoma invading maxilla 





Resection of maxilla; temporal flap 


| Well after 3 years 











i Squamous cell carcinoma invading maxilla 


| Resection of maxilla; temporal flap 


| Well after 4 years 








3 | Recurrent basal cell carcinoma inv ading z Re section of frontal bone and upper eyelid; scalp flap 


frontal bone a 


1 Recurrent fibrosarcoma invading mastoid Excision “of tu tumor w ond ‘external ear; cautery ‘of ‘bone; “Well after 2 years 





Well after 8 years 








bone prosthesis 
5 Recurrent adamantinoma of mandible in-| Resection of mandible with parotid gland onl sacrifice] “Well after 1 year 
vading skin of facial nerve; prosthesis | 





1) 





orbit and temporal bone 
| | 











7 


Recurrent epidermoid carcinoma invading} Extirpation of orbit; resection of orbital bones 





Died 8 months after operation of 
direct extension of lesion to brain 
| and distant metastases 











Recurrent epidermoid carcinoma invading) Resection of portion of parietal and frontal ‘bones 0 over| Died 5 days after operation of 
skull | sagittal sinus; thick split graft 


meningitis and septicemia 





The anatomical distribution of the lesions in 
these cases was as follows: 5 of the nose, 4 of 
the cheek, 3 of the eyelid, 1 of the temple, 1 of 
the forehead, 1 of the neck. The surgical 
treatment in the management of these recur- 
rent lesions was as follows: excision, 2 cases; 
excision and thick split graft, 6; excision and 
whole thickness graft, 3; excision and sliding 
flap, 3; excision, sliding flap, and resection of 
frontal bone, 1 case. In all but 1 of these 15 
recurrent tumors the primary treatment was 
other than surgery and in 12, or 80 per cent, 
the secondary radical excision gave a good 
clinical result. One tumor recurred 1 year 
after and another 6 years after radical surgical 
excision. A third patient could not be fol- 
lowed. Of the remaining 12 patients all are 
free from disease for periods varying from 1 to 
8 years. Eight patients were operated upon 
sufficiently long ago to be reported as 3 year 
cures, 2 aS 5 year cures; the percentage of 3 
year cures, then, is go, of 5 year cures, 66. 
These figures serve to emphasize the serious- 
ness of recurrent basal cell carcinoma of the 
lace. It is unfortunate that the primary treat- 
ment of these relatively benign lesions of the 
skin is inadequate so often. The most likely 
explanation of the situation is that simple 
methods of therapy afford cures in a high per- 
centage of cases; the potential danger of these 
carly lesions is not sufficiently emphasized; 
and there is a tendency on the part of both 
physicians and surgeons to be hesitant in rec- 
ommending surgery in facial tumors because 
of the fear of disfigurement from postoperative 
cars. 


Recurrent epidermoid carcinoma. This group 
includes 9 cases, in 2 of which the recurrent 
lesion had invaded the underlying bone. The 
primary treatment in these cases was as 
follows: 


Cases 
X-ray therapy, adequate dosage.................... 2 
X-ray therapy, amount unknown................... 3 
IIIS ens site CASS he we ee SOE 2 


Desiccation 
Radium therapy 


The anatomical distribution of the lesions was 
as follows: 3 cases of the neck, 3 of the eyelids, 
1 of the forehead, 2 of the scalp. Extensive 
surgical resection was necessary in all of these 
cases and the surgical treatment comprised: 
excision in 3 cases; excision and whole thick- 
ness graft in 2; excision and thick split graft 
in 1; excision and prosthesis in 1; excision, 
resection of skull, and thick split graft in 1; 
excision, resection of orbital bone, thick split 
graft in 1. Seven of these patients (78 per 
cent) survived operation and have been free 
from disease for a period of time varying from 
1 to 7 years. One patient died 1 year after ex- 
tirpation of the orbit and removal of a portion 
of the temporal and orbital bones. There was 
I postoperative death following excision of a 
portion of the skull for infected carcinoma of 
the scalp. The fact that this was a case in 
which it was necessary to carry out extensive 
resection of bone calls attention to the in- 
creased danger of radical excision when the 
growth has invaded bone. 

There were 7 cases in which the lesion of the 
face had involved the bone. These are listed 
in Table II. 
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Fig. 1. Case r. a, Basal cell carcinoma of the nose, twice recurrent. Excision and 
primary closure was done by means of a sliding flap from the cheek as shown in b and 
c. d, The appearance 9 months after operation. Follow-up examination 3 years and 4 


months later showed no recurrence. 





Fig. 2. Case 2. a, Basal cell carcinoma of the nose. The 
lesion had recurred once following cauterization and twice 
following courses of x-ray therapy which were presumed 
to be adequate. b, Shows the extent of the whole thickness 
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graft needed for replacement. Graft was taken from the 
cervical region. c, The appearance of the nose 2 months 
after operation was performed. No recurrence had occurred 
4 years later. 
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Fig. 3. Case 3. a, Tumor of the skin and cartilage of the 
nose in a 32 year old man; the tumor proved to be metasta- 
tic from carcinoma of the thyroid. b, c,d, e, Show the steps 
involved in primary reconstruction of the nose after 
through-and-through resection of the skin, alar cartilage, 
and mucous membrane. b, The outline of a flap of skin 
from the upper portion of the nose. The epithelium was 
excised from the region inferior to the flap as indicated 
by the dotted area. c, The flap is swung downward to 
line the nose. d, The distal end of the flap of skin has been 
turned back on itself to provide a smooth cutaneous margin 
for the nostril. e, A whole thickness graft sutured in place 
over the raw area. f, The postoperative result. Examina- 
tion 1 year after operation showed no recurrence in the 
nasal region though the patient is still receiving x-ray 
therapy to the cervical and thoracic regions. 


The first and third cases in the above list 
will be referred to later in this report as Cases 
5 and 4, respectively. The 2 deaths listed 
above have been recorded previously in the 
discussion of recurrent epidermoid carcinoma. 

CASE REPORTS 

Case 1 illustrates the use of sliding flaps 
from the neighborhood to cover the defect of 
soft tissue after excision of malignant tumor. 


Case 1. A. W., New York Hospital No. 208378, 
a 57 year old woman, presented herself for treatment 
of an infiltrating lesion of the right side of the nose 
which was noticed for the first time 10 years before 
admission and which had recurred following 2 
surgical excisions performed in another institution 
9g and 5 years ago. Rectangular excision of this re- 
current basal cell carcinoma was done and the defect 
was closed by means of a sliding flap of skin and 
subcutaneous tissue as shown in Figure 1. No 
recurrence 3% years later. 


Free grafts of skin which are available for 
the repair of defects created by surgical ex- 
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cision of malignant tumors of the skin of the 
face include the following: (1) the Ollier- 
Thiersch graft or razor graft (3); (2) the thick 
split graft (1); (3) the three-quarter thickness 
or intermediate graft (5); and (4) the whole 


thickness graft (2). The chief value of the 
Ollier-Thiersch graft lies in the fact that its 
epithelial surface affords cutaneous healing of 
the wound after excision of a growth and scar 
formation is prevented. However, the appear- 
ance of the grafted area is unsatisfactory. 
Therefore, the use of such grafts on the face 
as a final measure is condemned. As a 
temporary method this thin graft allows for 
observation of the operation site for recurrence 
of the tumor and affords time for the prepara- 
tion of a suitable flap of soft tissue. The term 
“temporary Thiersch graft’? has been coined 
to describe this graft; the material available 
for it is nearly inexhaustible for it is readily 
obtained from the thigh or torso. The thick 
split graft and the intermediate graft are 





SURGERY, GYNECOLOGY AND 





OBSTETRICS 








Fig. 4. Case 4. a, Basal cell carcinoma which had re- 
curred 5 times and had invaded the frontal bone and upper 
eyelid. b, Outline of radical excision. c, Diagram of defect 
after excision of tumor, skin, frontal bone, and upper eyelid 
in one block had been made. d, Technique of forward 


thicker than the Thiersch; the intermediate 
embodying 75 to go per cent of the thickness 
of the skin. Although some plastic surgeons 
use the intermediate graft for facial recon- 
struction because of its ready availability, the 
whole thickness graft is preferred at the New 
York Hospital because of the superior cos- 
metic result achieved by its use. The whole 








d 


rotation of scalp flap. Parietal region of skull and upper 
eyelid were surfaced with thick split grafts. e, Postopera 
tive appearance of patient. No recurrence of carcinoma 8 
years after operation. Patient refused further reparative 
surgery. 


thickness graft, as implied by its name, em- 
bodies all of the layers of the skin and is cut 
according to pattern of the defect. The use of 
this graft leaves little to be desired since it 
provides an accurate match to the adjacent 
skin of the face in color, texture, moisture, and 
movability on the underlying tissues. The 
upper eyelid, from which a graft 3 by 1.5 
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Fig. 5. Case 5. a, Fibrosarcoma of cheek invading the 
maxilla. b, Diagrammatic representation of the defect 
after radical excision of tumor together with anterior wall 
of maxillary sinus and hard palate. c, Tubed temporal flap 
sutured into the maxillary defect. The medial portion of 
this flap had been converted into a double faced flap by 
burying a thick split graft under it at an earlier operation. 
d, Appearance after division of the pedicle and resuture of 
its base into the temporal region. No recurrence 3 years 
and 2 months later. 


centimeters in size can be cut without produc- 
ing deformity, and the postauricular area, 
which may yield a graft of 5 by 3.5 centi- 
meters, are ideal sources for such grafts. If a 
large graft is required a donor area on the 
abdomen is necessary but it must be selected 
with due consideration for the growth of hair. 

Case 2 demonstrates the successful result 
obtained with the use of a free, whole thick- 
ness skin graft to surface the defect produced 
by the excision of a malignant tumor of the 
skin. 


Case 2. V. L., New York Hospital No. 60215, a 
50 year old woman, was presented for treatment of 
a basal cell carcinoma of the skin of the right side of 
the nose which was three times recurrent following 
x-ray therapy. At operation on September 29, 1937, 
this recurrent basal cell carcinoma was removed by 
excision as shown in Figure 2. All soft tissues were 
removed down to the bone and cartilage. A pat- 
terned whole thickness graft, which was cut from 
‘he posterior triangle of the neck, was sutured into 

he defect. Follow-up examination 4 years after 
peration showed no recurrence. 
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Case 3 demonstrates the method of rotation 
of a skin flap to provide a lining of skin in the 
repair of a through-and-through defect of the 
soft parts of the nose. The danger of relying 
entirely on biopsy material for a final tumor 
diagnosis is dramatically emphasized. 


Case 3. J. K., New York Hospital No. 94807, a 32 
year old man, was subjected in 1935 to subtotal 
thyroidectomy. Microscopic examination of sections 
cut from the specimen showed this to be a papillary 
adenocarcinoma of the thyroid. Intensive radiation 
was given to the neck and chest. Apparently the 
disease was under arrest when in February 1940 he 
noticed the development of a nodule over the alar 
cartilage of the nose on the right side. X-ray therapy 





456 SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 6. Case 6. a, Recurrent epidermoid carcinoma of 
eyelids with extension to the globe. b, Deformity after 
enucleation with sacrifice of both eyelids; the cavity has 
been surfaced by application of a thick split graft. c, Ap- 
failed to retard the growth of this lesion. The 
biopsy report was “spiroadenoma”’ or benign sweat 
gland adenoma. Because the appearance of the 
lesion suggested the invasive tendency of this tumor, 
radical excision was done on September 28, 1940. 
The entire thickness of the wall of the nose including 
skin, cartilage, and mucous membrane was removed 
as shown in Figure 3. The technical problem in this 
case was to provide a method of repair which af- 
forded skin to line the nasal cavity and also to 
surface the wound. This could have been done by 
the use of a double faced flap from the cheek had 
such a flap been prepared earlier. The technique of 
rotation of a flap downward from the upper portion 
of the nose to form a lining and of surfacing the area 
with a whole thickness graft taken from the retro- 
auricular area is demonstrated in Figure 3. With the 
entire tumor at his disposal for examination the 
pathologist was able to ascertain that it was a 
metastatic carcinoma of the thyroid. The graft 
healed nicely with good cosmetic effect. Multiple 
pulmonary metastases developed subsequently. At 
the present time the patient is still receiving x-ray 
treatments to the lung fields. 

Cases 4, 5, and 6 are examples of the sur- 
gical management of advanced malignancy 
affecting the eye and the bones of the face. 
Radical surgical excision in cases of this type 
calls for boldness and courage since excision 
of any of the facial bones produces deformity 
which in itself may constitute cause for com- 
plete disability. It is in the management of 
these patients that a knowledge of reparative 
techniques and of the applications of prosthe- 


pearance of patient after fitting with a glass eye attached 
to latex prosthesis. No recurrence 2 years and 4 months 
after operation. 


ses offers the prospect of cure with rehabilita- 
tion. Although in theory, prostheses represent 
the final failure of plastic surgery, their use 
has served to rehabilitate many unfortunate 
individuals and to contribute greatly to their 
happiness. 


Case 4. D. W., New York Hospital No. 41403, 
a 51 year old man, in 1933 presented himself for 
treatment of a basal cell carcinoma of the forehead 
invading the frontal bone. Over a period of 14 years 
this lesion had recurred 5 times following x-ray and 
radium therapy. Examination at the New York 
Hospital in 1933 disclosed the ulcerated lesion of the 
right forehead as shown in Figure 4. The growth had 
invaded the frontal bone, had destroyed the eye 
brow, had produced some weakness of the superior 
rectus muscle. Vision in both eyes was good. There 
was extensive scar above the ulcerated area. Ex 
cision of the tumor in this case was done by Dr. 
George Heuer. The entire mass including the skin, 
the muscles of the upper eyelid, the frontal bone, 
and some of the fatty areolar tissue of the orbit was 
removed in one block. The frontal sinus was opened 
in the course of the resection. The dura mater ap 
peared normal. Closure of the defect in the forehead 
was accomplished by the forward rotation of a flap 
hinged at the median sagittal line of the scalp. A 
thick split graft taken from the right thigh was used 
to cover the raw area on the parietal region of thi 
skull produced by the forward rotation of the flap. 
A second smaller thick split graft was used to surface 
the right eyelid. The growth of hair in the right fore 
head region was arrested by means of x-ray treat 
ment. The patient has now survived 8 years sinc 
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operation was performed. There is no local recur- 
rence and he is in excellent general health. The 
appearance of the concave frontal area and the 
ptosis of the right eyelid have not bothered the 
patient sufficiently to convince him that it would be 
worth while to undergo further operation for cos- 
metic improvement. 

Case 5. E. W., New York Hospital No. 192441, 
a 59 year old man, was examined at the New York 
Hospital for the first time in January 1938 because 
of a swelling of the right cheek and obstruction of 
the nasal passages on the right. Antiluetic and x-ray 
therapy had been administered without change in 
the size of the lesion. Examination showed a firm 
mass measuring 6 by 6 centimeters over the right 
maxilla. The mass was adherent to the skin and to 
the underlying maxilla. The nose was partially dis- 
torted as shown in Figure 5. Biopsy showed that the 
tumor was a retothelial (reticulocell) tumor of the 
face involving skin, subcutaneous tissue, and bone. 
On August 30, 1938, radical resection of the maxilla 
was done by Dr. William F. MacFee according to the 
technique described elsewhere by him. It was 
possible to save the bony floor of the orbit, the 
posterior wall of the maxillary sinus, the soft palate 
and the right upper lip. The hard palate was re- 
moved. Mucous membrane was sutured to skin 
wherever possible. The patient made an uneventful 
recovery. On March 16, 1940, approximately 7 
months after resection of the maxilla a temporal flap 
was fashioned at operation and sutured down in 
place as shown in Figure 5. Division of the flap at its 
medial end was done on March 25, 1940. On April 
10, 1940 the flap was re-elevated and two thick split 
grafts were taken from the thigh and buried face to 
face under the upper and medial end of the flap. 
This served to make the flap a double faced one in 
its distal portion. When the flap was elevated again 
at operation on May 6, 1940 the donor area over the 
frontal bone was found to be neatly surfaced by the 
thick split graft which had been placed at the pre- 
vious operation. The pedicle was tubed by suture 
and its distal, double faced end was transplanted to 
the maxillary region as shown in Figure 5. In the 
final operative procedure the pedicle was detached 
and its base was replaced in its normal position in the 
preauricular and temporal regions. The patient has 
been equipped by Dr. Harold Genvert of this clinic 
with a nicely fitted upper dental plate which carries 
an obturator to fit into and fill the defect in the hard 
palate. Follow-up examination 3 years and 2 months 
after excision of the tumor showed the patient to be 
in excellent general condition with no evidence of 
recurrence or metastasis. 

Case 6. I. M., New York Hospital No. 237954, a 
44 year old woman, had a tumor of the lower eyelid 
‘emoved by her physician by cautery in 1936 and 

gain in 1938. Examination in July, 1939, showed an 
dherent ulcerated tumor of the skin near the inner 
inthus of the right eyelid. The tumor involved 
arly half of the upper and lower lids. There was 
ngestion of the conjunctiva and the tumor could 
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be seen growing out onto the cornea. There was 
dimness of vision but not complete loss of sight. 
There was no cervical adenopathy. Enucleation was 
necessary to effect cure. The appearance of the 
lesion is shown in Figure 6. At operation on July 109, 
1939 the eyeball together with both eyelids and all 
orbital structures was removed. Microscopy showed 
the tumor to be an epidermoid carcinoma. A thick 
split graft was applied to the wound after wrapping 
it about a mass of dental stent, previously molded to 
fit the cavity. The orbital bones were exposed in the 
floor of and on the medial aspects of the wound. It 
was not possible to preserve enough of the lower 
eyelid to help in the application of a prosthesis. The 
patient was fitted with a glass eye which is held in 
the socket by means of a latex prosthesis (6). This 
patient reports every 3 months for inspection of the 
grafted area. At these visits the prosthesis is retint- 
ed, replaced and held by means of liquid adhesive. 
There has been no recurrence to the present date, 2 
years and 4 months after operation. 


SUMMARY AND CONCLUSIONS 


In this report an analysis is made of 100 
cases of malignancy of the face treated by 
surgery over an 8 year period. There were 
55 cases of basal cell carcinoma of which 15, 
or 27 per cent, were recurrent tumors when 
presented for surgical treatment. There were 
21 cases of epidermoid carcinoma of which 9, 
or 43 per cent, were recurrent tumors. Study 
of these records shows that in the majority of 
the recurrent tumors, primary treatment had 
been inadequate. This analysis of data serves 
to emphasize the responsibility of the doctor 
to provide adequate curative primary treat- 
ment for malignant lesions of the face. In 7 
cases of the too in the series, the tumor had 
invaded the bones of the face. The indications 
for the use of grafts, flaps, and prostheses are 
demonstrated by means of 6 detailed case 
reports. If utilized by surgeons, the principles 
of reparative surgery serve to assign a high 
percentage of malignant tumors of the face to 
treatment by radical surgical excision. 
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THE USE OF VERMILION BORDERED FLAPS IN 
SURGERY ABOUT THE MOUTH 


BRADFORD CANNON, M.D., Boston, Massachusetts 


ERMILION bordered flaps have 

proved one of the most effective 

methods of correcting defects or de- 

formities about the mouth. Although 
American authors commonly attribute the 
operation to Abbe, the method was first de- 
scribed by Estlander in 1872, 26 years before 
Abbe’s paper appeared. 

Estlander’s paper was published in Swedish 
in the Nordiskt medicinskt Archiv under the 
title ““A Method of Replacing Lost Tissue in 
one Lip and Cheek from the Other Lip.” A 
similar report from him appeared that same 
year in the Archiv fur klinische Chirurgie (6). 
A later description of his method was pub- 
lished in French in 1877 (7); it is much the 
same as that of the original paper. 

Estlander had observed that after wide ex- 
cision of the lower lip for malignant disease, 
closure was possible only with tension on the 
skin margins and a great difference in the 
width of the lips. He decried the tendency 
among surgeons, when confronted with a large 
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Fig. 1. Illustrating the use of a vermilion bordered flap 
in the primary repair of a defect from a wide excision of the 
lower lip, adjacent to the corner of the mouth. a, Left, 
dotted lines indicate the area excised from lower lip and 
outline of flap of the upper. b, The completed repair. 


defect in the lip, to search out and _ utilize 
remote tissues from the cheeks or neck, ‘‘neg- 
lecting entirely the most available tissue— 
namely the other lip.” While studying the 
anatomical relationships of the vessels about 
the mouth he realized that large flaps could be 
nourished by the encircling coronary artery 
alone. He determined and described accu- 
rately the relation of this vessel to the skin 
and mucosa of the lip and indicated the im- 
portance of this relation in avoiding injury to 
the vessel while preparing the flap and turning 
it on its narrow pedicle. Several case his- 
tories and complete descriptions of the opera- 
tions are presented to indicate where and how 
the procedure is applicable. There are illus- 
trative drawings of one of these cases showing 
how, by use of this method, the defect from 
excision of half of the lower lip for carcinoma 
was repaired by switching a flap from the 
upper lip. A new corner of the mouth was 
formed by the pedicle. In another case there 
was loss of one ala of the nose, part of the 
upper lip, and the adjacent cheek as a result 
of a noma. Estlander illustrates its correc- 
tion with a large, vermilion bordered flap 
turned up from the lower lip. One margin of 
the flap was cut across and adjusted to form 





\ 

Fig. 2. A patient in whom excision and repair were 
carried out by method which is illustrated in Figure 1 
The narrow pedicle, on which the flap is carried, can bi 
seen. 
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Fig. 3. Illustrating the use of a vermilion bordered flap 
in the primary repair of a defect from a wide excision of the 
center of the lower lip. A quadrangular flap is shifted into 
ihe midline defect and the repair is completed by the flap 
from the upper lip. a and b, The dotted lines indicate the 
irea excised from the lower lip and the outline of the quad- 
rangular and triangular flaps; c and d, the shifting of the 
‘lap and the completed repair. 

rig. 4. A patient in whom excision and repair were 
carried out by method shown in Figure 3. 


the ala, the remainder fitted to the lip and 
eek. In this case also a corner of the mouth 
‘as formed by the pedicle. 

Abbe’s paper in 1898 was the first descrip- 
m of the operation in English, and the first 
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Fig. 6. 


Fig. 5. Illustrating the use of a vermilion bordered flap 
in the repair of a pre-existing defect in the lower lip. a, The 
defect is outlined and the incisions are indicated by means 
of dotted lines. In b, the shifting of a local triangular flap 
in the lower lip and a vermilion bordered flap from the 
upper is illustrated. In diagram c, the completed repair is 
shown. 

Fig. 6. A patient in whom surgical repair was carried 
out by method which is shown in the diagrams of 
Figure 5. 


in which the pedicle crossed the mouth and 
was later severed. He reported a single case 
and only briefly outlined and illustrated the 
method. His contribution should be con- 


sidered a modification of the original method 
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Fig. 7. Illustrating the use of a vermilion bordered flap 
in secondary correction of a unilateral harelip deformity. 
a, Showing the tight retracted upper lip and deficient floor 
of the nose. The outline of the flap is indicated by dotted 
lines. b, The flap is in place in the upper lip with the 


and full credit is due Estlander for the intro- 
duction of its fundamental concept many 
years before. 

The indications for the use of vermilion bor- 
dered lip flaps have been demonstrated and 
extended by surgeons in recent years (2, 3, 8, 
g), and there have been modifications of the 
flap itself (4) but the primary principle, 
which consists of carrying a large, direct ver- 
milion bordered flap on a narrow pedicle 
with a single nutrient artery has remained 
unchanged. 

The simplest use of the flap is one in which 
there is a defect in the lower lip, adjacent to 
the corner of the mouth, too large for primary 
closure. This method is similar to that used 
by Estlander in one of his illustrative cases 
(Figs. 1 and 2). 





8. 
pedicle crossing the mouth. c, The completed repair show- 
ing relaxation of the upper lip and correction of the floor 
of the nose. 

Fig. 8. A patient in whom secondary correction was 
carried out by method shown in Figure 7. 


CasE1. C. P.H. 40-731. Aman, 57 years of age, 
had a large, irregular, ulcerated lesion of the right 
lower lip 1.5 centimeters in diameter which extended 
deeply into the substance of the lip and which 
proved to be squamous cell carcinoma, grade II. 
The operation was done under a local anesthetic. 
The two mental nerves, the right infraorbital, and 
the few cervical branches that reached upward to 
the chin were blocked with 1 per cent novocain. 
Nerve block is preferable to local infiltration because 
infiltration may jeopardize the blood supply to the 
flap by local trauma and tension within the tissues. 
A wide V-excision of the diseased area was then 
carried out. This involved removal of over half the 
lower lip, from the corner of the mouth to beyond 
the midline on the opposite side and down to the 
alveolus. A large triangular flap, half the width of 
the defect, was then raised from the upper lip and 
cheek in the nasolabial fold and turned downwarl 
into its new position. The pedicle of the flap co: 
taining the coronary artery formed a new corner ci 
the mouth. It was carefully sutured in place, wit" 
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Fig. 9. Illustrating the use of a split vermilion bordered 
flap in the secondary correction of a double harelip de- 
formity. a, The dotted lines indicate the outlines of the 
flap and the incision in the upper lip. b, The flap is in 


deep vertical mattress sutures in the mouth and fine 
interrupted silk sutures in the skin. A right supra- 
hyoid dissection was done 6 months later because of 
a palpable node but no metastases were found. 
There has been no recurrence after a full year. 

This patient, before operation, was fearful 
that extensive relaxing incisions would be 
necessary in the cheek and that he might lose 
his job because of his appearance. The func- 
tional and cosmetic results, however, by this 
method, are very satisfactory to the patient. 

A second method is used when the neoplasm 
involves the center of the lower lip. If the 
defect is so large that it cannot be closed 
primarily, a quadrangular flap extending to 

he corner of the mouth is shifted into the 
defect and the repair is completed in a similar 

inner to that of the first method (Figs. 3 

nd 4). 

Case 2. C. P. H. 22-1144. A man 56 years of 

had a large, round, ulcerated lesion of the 
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place in the upper lip with the pedicle crossing the mouth. 
c, The completed repair. 

Fig. 10. A patient in whom the prolabium was excised 
and replaced with a split vermilion bordered flap. 


middle of the lower lip 2 centimeters in diameter 
which proved to be squamous cell carcinoma, grade 
I. At operation, also with local nerve block anes- 
thesia, a wide V excision of the diseased area was 
carried out. This involved the removal of over one- 
half the center of the lower lip. A quadrangular flap 
of normal lip was shifted across the midline to the 
left, and the remaining defect was closed with a 
triangular vermilion bordered flap turned down from 
the upper lip. Neck dissection has not been done but 
the patient is under careful observation. 

A third method is useful when there is a 
pre-existing defect from surgical excision of 
the lip for carcinoma or for other causes. A 
triangular or rectangular flap from the upper 
lip is turned into the defect in the lower and 
the adjacent tissues adjusted to it (Figs. 5 
and 6). 

CasE 3. P. M. H. 40-1003. A man, 76 years of 
age, had a squamous cell carcinoma, grade III of the 
lower lip with metastases to the neck. The excision 
of the lesion of the lip and a left radical neck dissec- 
tion were done by Dr. C. C. Franseen. At operation, 
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8 months later, a triangular vermilion bordered flap 
was raised from the left upper lip. There was no 
hazard in using this flap because, although the left 
facial artery had been severed in doing the neck 
dissection, that on the right, which is the side from 
which the flap is nourished, was intact. By extend- 
ing an incision obliquely downward from the right 
border of the defect in the lower lip a triangular 
space was created into which the flap was switched. 
The second flap, thus formed from the lower lip, was 
shifted to the newly created corner of the mouth on 
the left and adjusted to the adjacent cheek. 


A fourth method, similar to that described 
by Abbe, is useful in the secondary correction 
of unilateral harelip deformities. The tight 
upper lip and the often deficient floor of the 
nose can be improved by utilizing a flap from 
the lower lip, giving a more pleasing relation- 
ship between the two. By this method both 
the fullness of the lower lip is reduced and 
tissue is added to the upper lip. The pedicle 
which must cross the mouth is severed after 
2 to 3 weeks (Figs. 7 and 8). 


Case 4. M. G. H. 126,720. Patient is a girl, 15 
years of age. The primary repair of the lip, done in 
childhood, left her with a tense retracted upper lip, a 
deficient floor of the nose, and unfortunately, with 
ugly suture marks on both cheeks. At operation, 
under intratracheal ether anesthesia, the difference 
in width between the two lips was determined and 
a vermilion bordered flap half this width was pre- 
pared in the midline of the lower lip. The old scar 
in the upper lip was opened and extended into the 
floor of the nose. The flap was turned into this de- 
fect; the vermilion borders were accurately approxi- 
mated; and the tip of the flap was fitted into the 
floor of the nose. Two weeks later the pedicle of the 
flap was severed and the mucosal edges were closed. 
Most of the operative procedures were carried out 
by Dr. S. H. Sturgis. 


A fifth method is useful for secondary cor- 
rections following harelip repair when there 
is nasal symmetry. The lip is opened in the 
midline with extensions across the base of the 
columella into the floor of each nostril. A split 
vermilion bordered flap is used. The splitting 
of the flap leaves a better balanced lip with 
scars that are not apparent (Figs. 9 and 10). 

CasE 5. M. G. H. 250,127, patient of Dr. M. S. 
Strock. A girl, 13 years of age, had a partial double 
harelip repaired in childhood. In the initial repair 
the prolabium was utilized to form the vermilion 
border in the midline. Because of the notching of 
the upper lip and because of the deficiency of tissue 
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bulk in the prolabium, a split vermilion bordered 


flap from the lower lip was used. At operation, under 


general anesthesia, instead of opening the lip in th 
midline, as indicated in the diagram, the prolabiun 
was completely excised in this case and replace: 
by the flap. 

When the pedicle of the flap forms a new 
corner of the mouth, as in the first 3 cases, it 
can later be severed just as is the pedicle that 
crosses the mouth. In this way the width oi 
the opening is increased and the patient can 
use the mouth more comfortably. It is im- 
portant, however, not to extend the incision 
laterally beyond the pedicle of the flap as the 
patient may then have difficulty in controlling 
the corner of the mouth and in preventing the 
leakage of saliva. After the patient has be- 
come accustomed to the altered condition of 
the mouth there is seldom much difficulty 
with function, for sufficient residual muscular 
action remains to control the motions of the 
mouth. The scars of the face and lips resulting 
from the procedures are not disfiguring be- 
cause they lie in the nasolabial fold and ver- 
tically on the lip. Little distortion of the 
mouth is caused by the scars either at rest or 
while the mouth is in motion. 


SUMMARY 


The vermilion bordered lip flap was first 
described by Estlander in 1872. It is useful 
in repairing the lip after a wide excision for 
carcinoma, as the need of widespread relax- 
ing incisions in the cheek is eliminated and 
no normal tissue is sacrificed. It is also useful 
for the secondary correction of harelip de- 
formities both in securing a better balance 
between the upper and lower lips, and in re- 
placing deficiencies in the floor of the nose. 
Five cases in which the flap was used are 
presented. 
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HYPOPROTHROMBINEMIA AND LIVER FUNCTION 


S. E. ZIFFREN, M.D., C. A. OWEN, M.D., E. D. WARNER, M.D., and 
F. R. PETERSON, M.D., Iowa City, lowa 


LASMA prothrombin and methods for 
measuring this clotting factor have 
attracted much interest in recent 
years. Even before the need for vita- 

min K was known, it had been shown (18, 22) 
that intact liver function is necessary for the 
production of prothrombin. With the wide- 
spread clinical use of vitamin K, it soon be- 
came apparent that liver disease interferes 
with the prothrombin response to vitamin K 
therapy in human patients (4, 5, 6, 13, 16, 
19, 20). Additional studies with liver extirpa- 
tion confirmed the vital réle of the liver in 
prothrombin production (1, 20, 23). Hypopro- 
thrombinemia, thus, may result either from a 
deficiency in vitamin K, or from liver disease. 
This necessity of a good state of liver function 
to maintain normal prothrombin production 
naturally has suggested the possible use of the 
prothrombin level as a measure of liver func- 
tion. Wilson (24, 25) studied the correlation 
of the prothrombin level and the hippuric 
acid liver function test and concluded that 
these two usually gave parallel results and re- 
flected the state of the liver much better than 
did other liver function tests. More recently 
Lord and Andrus (8) and Olwin (11) have 
stressed the value of the prothrombin level and 
the response to vitamin K in the differential 
diagnosis of intrahepatic and extrahepatic 
jaundice. On the other hand, Lucia and Ag- 
geler (10) found little correlation between the 
hippuric acid liver function test and the pro- 
thrombin level. Lucia and Aggeler used the 
prothrombin method of Quick (14, 15) 
whereas the others used the two stage method 
ol Warner, Brinkhous and Smith (18, 22). It 
appears probable that differences in the pro- 
thrombin methods employed are responsible 
ior the differences in the results obtained by 
these workers. 

mm the Department of Surgery and the Department of 

logy, State University of lowa College of Medicine. 

esented in the Forum on Fundamental Surgical Problems, 
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We wish to present studies correlating the 
plasma prothrombin level with other evidence 
of liver disease, and, particularly, to compare 
the results obtained with different prothrom- 
bin methods. The data obtained so far in- 
dicate that in human patients hypoprothrom- 
binemia which does not respond to vitamin K 
therapy is a reliable index of liver disease and 
that prothrombin techniques differ in sensitiv- 
ity in this respect. 

Before presenting the cases studied, we 
wish to give a brief résumé of the prothrombin 
methods available. The several prothrombin 
methods in current use in this country fall 
into two groups and can be classified as one 
stage and two stage methods. In the two- 
stage procedure, developed by Warner, Brink- 
hous, and Smith (18, 22), the prothrombin of 
plasma is converted into active thrombin as 
a preliminary step. In a second step, the 
thrombin thus produced is measured by deter- 
mining the speed with which it will clot a 
standard fibrinogen solution. In contrast, the 
one stage methods simply measure the clot- 
ting time of blood or plasma in the presence 
of excess thromboplastin. These latter meth- 
ods, thus, are dependent upon a summation 
of the time required for the thrombin to act in 
clotting. They serve as a very practical index 
of the capacity of the blood to clot and, thus, 
of the tendency of the patient to bleed. The 
method of Quick (14, 15) and the more simple 
“bedside” test (27) developed in our labora- 
tory, which gives essentially the same results 
as the Quick’s method, are of this type. Also 
several modifications (3, 7, 26) of these are in 
this category. 

All of the methods in current use give satis- 
factory results for the clinical control of vita- 
min K therapy, and all serve to detect the 
hypoprothrombinemia which results from 
acute severe liver injury. However, with 


milder degrees of hypoprothrombinemia, par- 
ticularly if of a chronic nature, it appears 
that an altered convertibility of prothrombin 
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Fig. 1. Prothrombin response to vitamin K therapy. A, Stricture of bile 
duct; B, portal cirrhosis; C, Banti’s disease. --¢--, Bedside technique; 


—o-—, two stage technique. 


may compensate for a considerable decrease in 
the actual amount of prothrombin present (12, 
28). In instances of this type, the two stage 
method appears to be a much more sensitive 
index of the true prothrombin level than are 
the one stage methods and, therefore, is a 
better index of liver function. 

Figure 1, A, represents a case in which an 
obstruction of the common bile duct resulted 
in vitamin K deficiency. The hypoprothrom- 
binemia, shown by both the two stage and the 
one stage methods, responded promptly and 
completely to the administration of the vita- 


2 Mr 





Fig. 2. Microscopic section of liver from case of extensive 
cirrhosis of liver which did not respond to vitamin K 
therapy. 


min. In this case, by all available criteria, the 
functional capacity of the liver was within 
normal limits and the lowered prothrombin 
was due entirely to a vitamin K deficiency.' 
This case illustrates the normal response to 
vitamin K therapy. 

Figure 1, B, represents a case of portal 
cirrhosis of the liver. Bile was present in the 
bowel, and there was no reason to suspect 
that the vitamin K intake was inadequate. 


1We believe that for the purpose of ensuring a maximum response 
with the greatest speed, the best way to administer this vitamin is by 
the intravenous injection of one of the synthetic water soluble prepara- 
tions. 





Fig. 3. Microscopic section of liver, showing extensive 
cirrhosis, from case of Banti’s disease which did not res- 
pond to vitamin K therapy. 
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Fig. 4. Prothrombin response to vitamin K therapy. Central liver 
necrosis. - - ¢--, Bedside technique; —o—, two stage technique. 


The amount of prothrombin, as indicated by 
the two stage method, was greatly reduced. 
The clotting power of the blood, however, 
as indicated by the one stage method was only 
moderately impaired. As would be expected 
in cases in which the lowered prothrombin was 
due primarily to liver disease, vitamin K did 
not correct the hypoprothrombinemia. A poor 
and incomplete response was indicated by 
the one stage test, but no response was demon- 
strable by the two stage test. The patient 
came to autopsy, and an extreme degree of 
cirrhosis of the liver (Fig. 2) was found. This 
marked liver damage, indicated by the in- 
effectiveness of vitamin K, was mainly re- 
sponsible for the hypoprothrombinemia. 
Figure 1, C, represents a case of Banti’s 
syndrome. Here again, the hypoprothrom- 
hinemia was associated with extensive liver 
damage and the administration of vitamin K 
was ineffective. As in the preceding case, the 
two stage prothrombin method proved to be a 
more sensitive index of the liver damage than 
did the one stage test. The hypoprothrom- 
hinemia, as indicated by the two stage method 
was much more severe than was apparent 
'1om the one stage test. Also, the ineffective- 
less of vitamin K was more evident by the 
vo stage method. We have noted that there 
usually some shortening of the one stage 
iotting time following vitamin K _ therapy, 
iivespective of the type case with which we 


are dealing. The biological significance of this 
fact is not yet apparent. This patient died 
following splenectomy and the liver (Fig. 3) 
showed extensive cirrhosis. 

Figure 4 represents a case of hepatitis with 
jaundice. In this case the prothrombin level 
showed some response to vitamin K by both 
methods, indicating, we feel, that there was 
some deficiency of this vitamin. The main 
cause for the lowered prothrombin, as well as 
of the jaundice, however, was the liver dam- 
age, and the more sensitive two stage pro- 
thrombin method indicated a very incomplete 
response. This patient was explored and the 





Fig. 5. Microscopic section of liver in case of severe 
hepatitis with jaundice. 
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Fig. 6. Prothrombin level; temperature, —*—; pulse, 
--o--; and respiration in a case of thyroid crisis with re- 
covery. 


extrahepatic biliary tract was found to be 
entirely normal. The very gradual return of 
the prothrombin level to normal coincided 
with clinical recovery of the patient. A biopsy 
of the liver, at the time of exploration showed 
extensive liver necrosis (Fig. 5). This case is 
one in which the extensive liver damage, indi- 
cated by the two stage method, strongly sug- 
gested that the jaundice was of intrahepatic 
origin before exploration, and illustrates the 
usefulness of prothrombin studies in differ- 
ential diagnosis as well as in prognosis. 
During the past few years, increased em- 
phasis has been placed on changes occurring 
in the liver associated with hyperthyroidism, 
(2, 9, 17). Figure 6 represents a case of thy- 
roid crisis with recovery. The preoperative 
and postoperative prothrombin levels were 
moderately reduced indicating moderate im- 
pairment of liver function in this case. Still 
more striking is a recent fatal case of post- 


operative thyroid crisis. In this patient the 
prothrombin level, as determined by the two 
stage method, fell to 16 per cent of norma). 
Vitamin K therapy was instituted, but the 
patient died before a second prothrombin de- 
termination could be made. Extensive hemor- 
rhage, no doubt due to the lowered prothrom- 
bin, was at least a contributing factor in the 
fatal outcome. These 2 cases, of course, are 
not sufficient to justify ultimate conclusions, 
but they are in accord with the thesis that 
hepatic insufficiency is an important factor in 
fatal thyroid crisis. 

In all of the cases we have studied, the two 
stage procedure has appeared to be a more 
sensitive index of liver damage than have the 
one stage tests. If further work establishes 
prothrombin determinations as a useful index 
of liver function, it may be that some simpliti- 
cation of the two stage test can be developed 
which will render it more suitable for general 
use. 


SUMMARY 


From our results, as well as from reports in 
the literature, it appears that determination 
of the prothrombin level has considerable 
promise as an index of liver function. Hypo- 
prothrombinemia due to a vitamin K de- 
ficiency responds rapidly to specific therapy. 
Failure to obtain this response appears to 
indicate liver disease. 

Unfortunately, it appears from the work to 
date, that the simple one stage tests, which 
have proved so satisfactory for the control of 
vitamin K therapy, are not nearly as sensitive 
an index of liver damage as is the more com- 
plicated two stage method. The latter method 
could probably be simplified. 

Preliminary studies of prothrombin levels 
in thyroid crisis lend some support to the 
thesis that the liver is concerned in this 
condition. 
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THE 


HEALING OF ANASTOMOTIC WOUNDS IN 
ASEPTIC GASTRIC SURGERY 


FRANK GERBODE, M.D., San Francisco, California 


HE object of this paper is to report 

some of the work done in the experi- 

mental laboratory during the devel- 

opment of a technique for aseptic 
gastric surgery. During the past 2 years all 
gastric operations on the surgical clinic service 
at the Stanford University Hospitals have 
been done with a closed or aseptic procedure. 
The technique of this operation and the 
clinical experiences with its use have been 
reported by Dr. Emile Holman. In the early 
stages of the conversion from open anasto- 
mosis to an aseptic technique certain ques- 
tions arose relative to the use of clamps, 
methods of suturing, and the healing of 
wounds made with the cautery. 

Although aseptic anastomosis in the in- 
testine has been practiced for many years, 
the use of this principle in gastrointestinal 
surgery has found few advocates. Wangen- 
steen (14) recently described a method of 
doing closed anastomoses adaptable to any 
segment of the alimentary canal, and followed 
this publication with another (15) in which he 
described his experiences with the technique 
after using it in 100 consecutive cases. As 
Wangensteen indicated, probably the follow- 
ing two factors, more than any others, have 
deterred surgeons from using a closed anasto- 
mosis; namely: danger from hemorrhage and 
fear of poor mucosal healing if the mucous 
membranes are not approximated. 

Three choices are open to the surgeon in 
preventing bleeding in gastric surgery. The 
first is the clamping and ligating of the in- 
dividual gastric vessels, which method is 
tedious and necessarily involves spilling some 
blood and gastric content into the operative 
field. The second is the use of a continuous 
hemostatic suture as an inner layer which 
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must be placed tightly enough to constrict 
the vessels. Such constriction is injurious to 
the tissues. Healing with this type of suture 
has been found to be poor and is attended by 
considerable edema and infection (9). The 
third method is the use of the cautery to sear 
the wall sufficiently to coagulate the vessels. 

Few studies have been reported on the heal- 
ing of gastrointestinal wounds made with the 
cautery. Klose and Rosenbaum-Canné be- 
lieved that section by cautery produced more 
inflammation and delayed union than did 
division with knife. Their observations were 
made on 16 cats in which simple incisions were 
made through the wall of the stomach, these 
wounds being closed with various methods of 
suturing. Kopyloff studied the comparative 
healing of gastroenterostomies, the incisions 
being made with scissors, knife, and cautery, 
and sutured by different methods. His results 
led him to believe that cautery incisions 
caused pronounced inflammation and delayed 
healing. His work throws little light on the 
subject, however, since in the 8 animals in 
which cautery incision was done the speci- 
mens were removed between 25 and 180 days 
after operation. Onlv 1 early specimen was 
studied. 

The healing of gastrointestinal wounds 
made with the scalpel or scissors, and the 
effect of using various suture materials and 
methods have been described amply by others. 
Martzloff and Suckow (9) in 1933 summarized 
the literature on wound healing in gastro- 
enterostomy and reported observations on 44 
dogs. They found that the most rapid healing 
was obtained by the use of a single layer of 
Halsted serosubmucosal presection sutures of 
silk. They were of the opinion that separate 
suture of the mucosa was unnecessary anc 
actually retarded healing. Furthermore, su 
tures placed to evert the mucosa often caused 
epithelium to develop in the line of gastroin 
testinal apposition, resulting in adenomatous 
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structures. Their findings indicate that heal- 
ing takes place more rapidly when the mucosa 
is left unsutured. 


PLAN OF STUDY 

Twenty-seven full grown dogs were used. 
They were given only water for 24 hours pre- 
ceding the operation. One hour before oper- 
ation, morphine sulphate, 2 grains, was given 
hypodermically. Anesthesia was maintained 
with inhalation ether. In 17 animals an asep- 
tic anterior gastroenterostomy was done and 
in 10 animals aseptic gastric resection was per- 
formed. The Waffler cautery was used to 
divide the stomach and intestine. After oper- 
ation the animals were fed water the first day, 
milk the second, milk and gruel the third and 
fourth, and from then on, the standard dog 
chow. They were sacrificed with chloroform 
at from 1 to 3 day intervals from the 2d to 
34th day. Specimens were removed while the 
animals were living, and were fixed in forma- 
lin. Segments were cut from the midportion 
of the anastomosis, embedded in paraffin, and 
the sections were stained with hematoxylin- 
eosin and van Gieson. 

OPERATIVE PROCEDURE 

The procedure used in these experiments 
was the same in principle as the one reported 
by Emile Holman. In the early experiments 
the gastric resections were done with the use 
of only Payr clamps at the line of transection, 
the suturing then being done over these same 
clamps. In the more recent experiments, the 
Payr clamp was replaced, after the wall was 
crushed, by either a Martzloff or a Wangen- 
steen clamp. Another crushing clamp was ap- 
plied distal to the anastomosis clamp and the 
intervening segment of stomach wall was 
divided with the Waffler cautery. A 3 milli- 
meter cuff of tissue was left protruding be- 
yond the clamp and this cuff was then seared 
for 15 seconds with the cautery. Reasons for 
leaving the cuff are given below. The jejunal 
stoma was made by excising with the cautery 
a segment of the antimesenteric wall protrud- 
ing beyond an anastomosis clamp, again 
allowing the seared cuff to project 3 milli- 
meters beyond the clamp. Preliminary crush- 
ing with a Payr clamp was not found to be 


necessary in the jejunum. In the simple gas- 
troenterostomies the stomach opening like- 
wise was made by excising a segment of the 
anterior gastric wall protruding beyond an 
applied anastomosis clamp, the same 3 milli- 
meter cuff being left projecting beyond the 
clamp. An assistant held the anastomosis 
clamps while the sutures were placed. 

The prevention of hemorrhage in closed 
anastomoses presented a problem which was 
solved after we had experimented with vari- 
ous means of treating the divided end of the 
stomach. It was found that crushing alone 
did not prevent bleeding. Furthermore, if one 
simply and rapidly cuts the stomach from the 
anastomosis clamp with the actual cautery, 
brisk hemorrhage may result when the clamps 
are withdrawn. Heating the anastomosis 
clamp with the Waffler cautery for 20 to 30 
seconds will insure coagulation of the vessels, 
but this method has the disadvantage of 
damaging the contiguous stomach wall by 
heat transmitted from the clamp. The one 
fatality in the series occurred in an animal in 
which this method was used; death was due 
to localized peritonitis resulting from sutures 
giving way in an area damaged by trans- 
mitted heat. When the electrocoagulating 
unit was applied to the anastomosis clamp, it 
was found that high voltage for a long period 
of time was necessary to prevent bleeding, 
producing the same injury as did heating the 
clamp with the actual cautery. 

These experiences led to the adoption of 
the method of leaving a 3 millimeter cuff of 
tissue protruding above the clamp when the 
stomach or intestine was resected. When the 
cuff was seared with the actual cautery at 
bright red heat for 15 seconds most effective 
hemostasis resulted, and damage to the tissues 
beneath the clamp was prevented. A study of 
early specimens showed that this cauterized 
cuff had disappeared almost entirely in 48 
hours, probably from the action of the diges- 
tive juices. In no instance did it lengthen the 
flange or cause obstruction. The area crushed 
with the Payr clamp formed the granulating 
bed. The large vessels which approached the 
line of anastomosis were underrun with a 
silk suture on an intestinal needle and then 
tied. 
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Fig. 1. Five day healing, Dog 25, gastroenterostomy: 
a, line of apposition; 6, granulating bed covered with 
fibrinocellular membrane; c, chromic suture; d, intestine; 
e, stomach; f, single layer of epithelium beginning to grow 
over granulating bed, and marginal cysts; g, damage from 
silk suture. 


Two different suturing methods were used 
in the series. In 10 animals 2 posterior rows of 
serosubmucosal interrupted mattress sutures 
of medium silk were first placed. The clamps 
were then rotated 180 degrees, an anterior 
row of Lembert sutures of medium silk was 
laid, and the clamps were withdrawn. A few 
sutures then were placed at the ends of the 
anastomosis to complete it. The agglutinated 
edges within were opened by digital manipula- 
tion. This method of suturing was found to 
be tedious and, at times, technically difficult. 
Sometimes it was impossible to rotate the 
clamps after the posterior rows had been 
placed without putting tension on the sutures. 
Furthermore, the posterior flange resulting 
from the use of this method was unneces- 
sarily long. 

In the 17 remaining animals, a continuous 
serosubmucosal suture of No. oo chromic cat- 
gut on a small curved intestinal needle was 
used posteriorly directly beneath the clamps 
and parallel to them. The clamps were ro- 
tated and another suture of the same type was 
applied anteriorly. As the clamps were with- 
drawn the sutures were pulled taut and the 
two ends were tied. This results in serosa to 


serosa approximation and an inverted free 
mucous membrane. A single row of Lembert 
sutures was placed around the circumference, 


Nine day healing, Dog 22, gastroenterostomy: 
a, line of apposition; b, granulating bed; c, gland formation 
and marginal cysts; d, intestine; e, stomach; f, chromic 
suture. 


Fig. 2. 


thus completing the anastomosis. This tech- 
nique was described by Martzloff and Burget 
(7) for aseptic intestinal anastomosis and has 
been adopted recently by Wangensteen (15). 
It has the same features as the Parker-Kerr 
suture except that it remains as the inner 
layer in the anastomosis. It was found to be 
rapid and simple, and it permitted free rota- 
tion of the clamps. 

Immediately following the completion of 
the anastomosis the stomach was washed with 
tap water by means of an indwelling stomach 
tube to determine the degree of bleeding. The 
wash water either returned clear or had a 
slightly pink color; nothing indicative of even 
moderate bleeding was observed in any 
instance. Late hemorrhage was not noted 
in any of the animals. The omentum was laid 
over the suture line after the anastomosis 
was replaced in the abdomen. 


GROSS APPEARANCE OF THE SPECIMENS 


Usually only the omentum was found ad- 
herent to the suture line. The serosa healed 
with a minimal degree of reaction. In none 
of the specimens was the afferent or the 
efferent stoma encroached upon sufficiently to 
cause obstruction. Also, it is significant to 
note that none of the animals showed signs 
of postoperative obstruction. 

The 3 day specimens showed a uniform gap 
of 3 to 5 millimeters between the edges of 
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Fig. 3. Eleven day healing, Dog 24, gastroenterostomy; 
a, line of apposition; b, granulating bed; c, mucous mem- 
brane covered by single layer of epithelium; d, granular 
débris; e, stomach; f, chromic suture; g, silk suture; 4, 
intestine. 


mucous membrane. The bed of this mucosal 
defect was covered with necrotic débris. By 
the tenth day the gap measured 1 to 2 milli- 
meters. In 14 to 17 days the mucous mem- 
branes lay in apposition. A notable finding 
was the uniformity in width of the mucosal 
defect. Only a few early specimens showed 
much variation in diameter of the unhealed 
portion in different areas. 
HEALING OF THE MUCOUS MEMBRANE 

The 3 day specimens showed no definite re- 
growth of epithelium. By the fifth day a 
single layer of mucosal cells had started to 
grow over the granulating bed. In the 6 day 
specimen these cells had advanced further 
between the pyogenic membrane and the 
granulating bed, about an equal distance from 
the intestine as from the stomach. Marginal 
cysts were present on the stomach side, but 
not on the intestinal side, at this time. By 
the 9th day the mucosal defect had diminished 
greatly in width and one had the impression 
that this was not due as much to epithelial 
regeneration as to contraction of the granula- 
ting bed. This 9 day specimen showed the 
formation of three marginal cysts on the 
stomach side. At the margin of the intestinal 
mucous membrane there was definite gland 
formation and the single layer of epithelium 
projecting therefrom showed secreting cells. 
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Fig. 4. Fourteen day healing, Dog 2, gastric resection: 
a, line of apposition; 6, mucous membrane in contact; c, 
silk suture; d, intestine; e, stomach; f, healing by single 
layer of epithelial cells. 


In one area of an 11 day specimen the mucous 
membrane was bridged by a single layer of 
epithelium, flanked by regenerated glands. 
One 14 day specimen showed complete cov- 
erage with a narrow zone of single layer epi- 
thelium. In the other 14 day specimen a 2-3 
millimeter defect covered with a fibrinocel- 
lular membrane was still present. The tro 
specimens between 17 and 34 days were epi- 
thelialized. By the 21st day the glands were 
well formed at the site of union. 


LINE OF APPOSITION 
The usual microscopic picture of the healing 
at the line of apposition was a proliferative 
one. None of the specimens showed abscess 
formation except around sutures. There was 
a scarcity of inflammatory cells in the early 





Eighteen day healing, Dog 5, gastric resection: 


Fig. 5. 
a, fibrous tissue at line of apposition; 6, healing by single 
layer of epithelium; c, silk suture; d, stomach; e, intestine. 
Small flange 
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Fig. 6. Twenty-one day healing, Dog 11, gastroenter- 
ostomy: a, scar at line of apposition; b, healed mucous mem- 
brane with gland formation; c, intestine; d, stomach. 


stages of healing except near the base of the 
granulating bed. By the eleventh day the line 
of serosal union was replaced by a zone of 
fibrous tissue in which the frayed ends of the 
muscularis could be seen. 
SIZE OF THE FLANGE 

Beginning with the 14 day specimens there 
was a definite decrease in the height of the 
flange. By the 18th day it was considerably 
smaller and in twenty-eight days the site of 
union was represented only by an area of 
slight thickening. It would appear that 
irritation from a granulating bed has some- 
thing to do with maintaining the flange, for 





Fig. 8. Thirty-two day healing, Dog 9, gastric resection : 
a, line of apposition; 6, healed mucous membrane with 
glands; c, intestine; d, stomach. 


Fig. 7. Twenty-eight day healing, Dog 10, gastric re- 
section: a, scar at line of apposition; b, mucous membrane 
with glands at site of union; c, intestine; d, stomach; 
e, area of lymphoid hyperplasia. Note absence of flange. 


as soon as it was covered with mucosa the 
flange regressed. 


MICROSCOPIC DESCRIPTION OF 

REPRESENTATIVE SPECIMENS 
Figure 1. 5 days—Dog 25—gastroenterostomy. 
The line of apposition showed a minimal inflamma- 
tory response. A broad granulating bed was present, 
covered by a fibrinocellular membrane. The chromic 
suture was surrounded by a collection of polymor- 
phonuclear leucocytes. On the stomach side of the 
defect the epithelium had begun to grow out as a 
single layer. On the intestinal side the epithelium 
also had begun to cover the ulcer, but there was less 
growth than from the stomach side. The mucous 





Fig. 9. Six day healing, Dog 12, gastroenterostomy: 
High power photomicrograph showing: a, single layer of 
epithelial cells growing from stomach side; b, granulating 
bed; ¢, fibrinocellular membrane; d, marginal cysts; e, early 
gland formation. 
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membrane adjacent to the defect showed some 
edema and cellular infiltration. 

Figure 2. g days—Dog 22—gastroenterostomy. 
The line of apposition was filled with a thin layer of 
fibrin in which there were only scattered leucocytes. 
The granulating bed was about one-third the diam- 
eter of the 5 day specimen. The epithelial growth on 
the stomach side showed early gland formation and 
3 marginal cysts. There was about an equal amount 
of epithelial regrowth and gland formation on the 
‘ntestinal side. 

Figure 3. 11 days—Dog 24—gastroenterostomy. 
The line of apposition was practically obliterated 
by a fibrous tissue zone. Some granular débris was 
present in this region. On one side the epithelium 
had grown over the entire granulating bed, being 
joined in the center by a narrow area of single celled 
epithelium. In another area the mucous membrane 
had not healed, the appearance being that of a 7 
day specimen. Well defined gland formation was 
present. 

Figure 4. 14 days— Dog 2—gastric resection. The 
line of apposition was replaced by fibrous tissue. 
The mucous membrane lay in apposition. There 
was definite gland formation, especially on the 
stomach side of the anastomosis. The granulating 
bed was covered by a single layer of epithelium. A 
silk suture in the muscularis was surrounded by a 
collection of polymorphonuclear cells. The flange 
was smaller than the earlier specimens. 

Figure 5. 18 days—Dog 5—gastric resection. 
The line of apposition was demarcated by a zone of 
fibrous tissue in which the frayed ends of the muscle 
could be seen. The mucous membrane was healed 
by a single layer of epithelium. A silk suture sur- 
rounded by inflammatory cells lay near the healed 
mucous membrane. The flange was barely present. 

Figure 6. 21 days—Dog 11—gastroenterostomy. 
The mucous membrane had healed completely with 
definite gland formation at the juncture. A small 
flange was present. 

Figure 7. 28 days—Dog 1o—gastric resection. 
The mucous membrane had healed completely with 
gland formation at the point of union. An area of 
lymphoid hyperplasia was present in the muscularis 
of the stomach. The flange was represented by an 
area of slight thickening. 

Figure 8. 32 days—Dog g —gastric resection. 
The microscopic appearance was similar to the 28 
day specimen. 

Figure 9. 6 days—Dog 12—gastroenterostomy. 
The gross and microscopic picture was about the 
same as the 5 day specimen. A high power photo- 
micrograph is shown to illustrate the manner in 
which the new single layer of epithelium grows on 
granulating bed beneath fibrinocellular membrane. 


HEALING PROCESS IN CLOSED ANASTOMOSES 
COMPARED WITH OPEN METHODS 


The rate and manner of healing of gastro- 
intestinal wounds made aseptically with the 


actual cautery compare favorably with other 
methods. The aseptic procedures used in 
these experiments apparently will result in 
mucosal healing in 14 to 17 days, while por- 
tions of the anastomosis may be epithelialized 
in eleven days. There are ample opportunities 
to compare these results with the findings 
of others who have experimented with open 
anastomoses. Gould, for example, found that 
the average time for mucosal healing in exper- 
imental gastrointestinal anastomoses was 14 
days. Flint came to the same conclusion after 
studying comparative rates of healing with 
the use of three different methods of suturing. 
The more comprehensive study by Martzloff 
and Suckow (g) showed healing in 6 days in 2 
anastomoses in which Halsted presection 
sutures were used. When the same authors 
used the Connell suture they found epithe- 
lialization by a single layer in one 14 day 
specimen and incomplete coverage in another. 
They also reported mucosal union in one of 
two 14 day specimens in which the commonly 
employed continuous hemostatic suture was 
utilized. Healing with this method, however, 
was attended by intense inflammatory reac- 
tion, irregular mucosal defects, and frequent 
inclusion cysts. 

When healing at the line of apposition is 
used as a yardstick, the closed method com- 
pares to even better advantage. The fact 
that all of the specimens showed the healing 
process to be a proliferative one attests to the 
advantage of preventing soiling by the use of 
an aseptic procedure. 


CONCLUSIONS 


1. The healing in 17 aseptic anterior gas- 
troenterostomies and 10 aseptic gastric re- 
sections, experimentally produced in dogs, 
was studied. 

2. Hemorrhage was most effectively pre- 
vented by leaving a seared 3 millimeter cuff 
of tissue protruding above the clamp after 
resection of the stomach or intestine had 
been carried out. 

3. The mucous membrane healed in 14 to 
17 days. 

4. The usual microscopic picture of the 
healing at the line of apposition was a pro- 
liferative one. 
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The flange began to decrease in height 


at the 14th day and was represented by an 
area of slight thickening in 28 days. 
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RENAL DYSFUNCTION IN PROSTATISM 
ROBERT LICH, Jr., M.D., M.S., Louisville, Kentucky 


NDIVIDUALS suffering from prostatism 
often have renal function which is defi- 
nitely though not irreparably damaged. 
That is to say, after varying periods of 

uninterrupted vesical drainage, renal function 
materially improves. What then is the por- 
tion of the kidney that is not irreversibly im- 
paired by the urethral obstruction? Is the 
primary effect on the tubule, the glomerulus 
or both? An attempt to localize the pathologi- 
cal condition in partial reversible renal dys- 
function constitutes the essence of this dis- 
sertation. 

In order to ascertain the site of this renal 
pathological physiology it was considered im- 
perative that some means be employed to 
make quantitative estimates separately of the 
function of the glomerulus and the tubule. 
Two such tests have been described: inulin 
clearance for the determination of glomerular 
function and phenol red clearance as an index 
of tubule activity. 

Clinical material. The 6 patients used in 
this study were selected at random from the 
Urological Service of the Louisville City Hos- 
pital. The patients varied in age from 52 to 78 
years, had symptoms of prostatism for more 
than 2 years, and presented no evidence of any 
nephritic lesion. 

Before each functional study the patients 
were hydrated so that their urinary output 
was not less than 1.0 cubic centimeter per 
minute. Simultaneous clearance tests (inulin 
and phenol red) were done on 3 occasions in 
all but 1 individual. The clearance tests were 
done intermittently during the preoperative 
vesical drainage period which varied from 6 
to 16 days. The interval at which these tests 
were executed was determined by the patients’ 
general clinical appearance and improvement. 
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for the degree of Master of Science in Pathology on June 2, 1941. 

Presented in the Forum on Fundamental Surgical Problems 
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Experimental method. Inulin (10 grams) dis- 
solved in 100 cubic centimeters of normal sa- 
line at 37.5 degrees C. was injected intrave- 
nously at the rate of 10 cubic centimeters per 
minute. Thirty minutes later 0.5 gram of 
phenol red dissolved in 50 cubic centimeters 
of weak sodium bicarbonate solution was in- 
jected intravenously at the same rate as the 
inulin; the dye was injected later so that an 
adequate serum concentration could be main- 
tained. 

One hour after the completion of the inulin 
injection all the urine was emptied from the 
bladder per catheter and discarded. At the 
same time 15.cubic centimeters of blood, which 
was the second specimen, was taken from the 
antecubital vein; the first having been taken 
before the initiation of the experiment. Two 
other blood specimens were taken later, that 
is at 2 and 3 hours after the completion of the 
inulin injection. Blood samples were not 
taken during the first hour since this is the 
period of equilibration between the plasma, 
tissues and injected clearance substances 
(Alving and Miller). 

Urine specimens were collected for analysis 
at 114, 214, and 3% hour intervals following 
the completion of the inulin injection. The 
method of collecting the urine was carried out 
in the following manner: all the urine was 
allowed to drain from the bladder which was 
then washed out with three 30 cubic centime- 
ter portions of saline followed by distention 
with air to insure complete emptying. 

The clearance rates for both substances 
were calculated at hourly intervals following 
completion of the inulin injection which con- 
stituted the zero point of clearance time. 
Since the samples of urine and blood were col- 
lected at alternating half hourly intervals, the 
clearance values were. ascertained by inter- 
polation. 

The clearance rate was determined by the 
usual formula C=UV/B. C=cubic centime- 
ters of plasma cleared of inulin or phenol red 
per minute; U = urine inulin or phenol red con- 
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TABLE I.—RESULTS OF EXPERIMENTS 



















































































Duration 
Case ee of Inulin Phenol red ty 
No. Fer mone clearance | clearance | clearance = 
B test (hrs.) 
° 1.0 112 260 2.3 
2.0 120 263 2.1 
3.0 106 244 3.2 
1 miaanainnats 
79746 6 1.0 118 359 3-0 
2.0 127 370 2.9 
3.0 120 381 3.1 
fe) 1.0 101 302 2.9 
2.0 107 324 3.0 
3-0 92 289 3.1 
° 1.0 122 270 2.2 
2.0 113 262 2.1 
3.0 119 276 3 
2 6 1.0 129 400 3.2 
63707 2.0 | 134 381 2.9 
3-0 140 307 2.9 
10 1.0 123 370 3.0 
2.0 117 360 3.0 
3.0 127 370 2.9 
° 1.0 96 168 1.7 
2.0 90 * 
3-0 88 _ 172 1.9 
3 6 1.0 89 224 2.5 
42772 2.0 97 228 3.3 
3.0 101 239 2.3 
13 | 1.0 116 291 2.5 
2.0 121 302 2.5 
3.0 110 286 2.4 
° | 1.0 110 220 2 
2.0 98 232 2.3 
4 104 223 2 
61903 - 
6 1.0 120 340 2.8 
2.0 | 117 358 2.8 
3.0 | 115 339 2.8 
° 1.0 114 260 2.2 
2.0 102 234 2.2 
3-0 * 241 
5 7 | 1.0 | 130 347 2.6 
51071 | 2.0 | 141 332 2.3 
3-0 119 329 2.5 
14 1.0 96 250 2.6 
2.0 4 240 2.5 
3-0 104 201 2.5 
° | 1.0 101 180 1.9 
2.0 96 107 1.7 
3-0 go 150 1.6 
6 8 | 1.0 990 212 | 2.1 
80372 2.0 IIt 193 1.7 
3.0 Q2 201 2.1 
16 1.0 103 217 | 2.1 
2.0 Itt | 201 I. 
.o | 110 2143— | 











*Blood sample hemolyzed. 


centration in milligrams per cent; B =mean 
plasma inulin or phenol red concentration per 
cent; and V =urine volume in cubic centime- 
ters per minute. 

The method of measuring quantitatively 
the amount of inulin in plasma and urine was 
that described by Corcoran and Page. In 
principle this method makes use of the fact 


TABLE II.—COMPARISON OF PHENOLARED 
AND INULIN CLEARANCES 


Mean percentage Mean percentage 








_ increase o! increase of 
Case inulin clearance phenol red clearance 
number following drainage following drainage 
Dia ctwrcesacreuees 26.2 41.8 
Bev nsnacsseustnon 19.0 38.1 
Ma rotor cian Se Sioa 32.1 36.3 
Me sores re 20.0 41.7 
Se mele ee een ene ee 5-5 27.1 
Wis o-seniei eae eee 6.0 19.2 
ee 16.46 33-86 


that a blue compound results from the com- 
bination of diphenylamine and a polysaccha- 
ride in the presence of hot concentrated hydro- 
chloric acid. Colorimetric readings were made, 
a single cell compensating photoelectric color- 
imeter of Evelyn, and No. 620 filter being used. 

Phenol red determinations were made col- 
orimetrically and the same type of photoelec- 
tric colorimeter with a No. 520 filter was used. 
A standard curve was first prepared, the 
known concentrations of dye solutions being 
used, and the unknown experimental concen- 
tration was read directly from the curve. 

In the execution of phenol red clearance 
tests there are several essential points. The 
plasma concentration of the dye must be 
maintained at a level below 1.0 milligram per 
cent. When plasma dilutions are made the 
alkali must never be added to the plasma un- 
til after dilution, otherwise precipitation will 
result with its concomitant false colorimetric 
values. The inherent chromogenic properties 
of the plasma must be compensated for in the 
colorimeter and each sample of plasma must 
be tested for hemolysis (Bing and Baker). 

Interpretation of the experimental results. 
The tabulated results (Table I) demonstrate 
that continuous vesical drainage improves to- 
tal renal function in prostatism. However, no 
apparent relationship between the length of 
vesical drainage and the amount of renal func- 
tional improvement could be demonstrated. 
That is, improvement was dependent upon 
the amount of actual damage that occurred 
before the establishment of drainage, and this 
no doubt must be dependent upon the dura- 
tion of symptoms. Case 6 (Table I) with its 
limited functional improvement, though drain- 
age was continuous over a 16 day period, sug- 
gests this conclusion. 
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Graph 1. Total renal function continues to a certain 
point and then ceases. 


The phenol red/inulin ratio was incorpo- 
rated in the table since it more accurately rep- 
resents renal function (Goldring, Clarke and 
Smith). The normal phenol red/inulin ratio is 
3.3. That the ratio more nearly represents the 
true index of renal activity was demonstrated 
in Case 1 (the third hour of the clearance rate 
period on the tenth day of catheter drainage). 
Here it is seen that the clearance rate for 
inulin is 93 cubic centimeters per minute (nor- 
mal 125 c.c.) and the phenol red clearance is 
289 cubic centimeters per minute (normal 
400 c.c.). These two figures would seem to 
indicate markedly impaired renal function 
though when the phenol red /inulin ratio is ex- 
amined it is found to be 3.1 as compared to 3.3 
which is normal. Hence, renal function is in 
this particular instance not impaired as seri- 
ously as one would be led to believe by ex- 
amining the clearance rates separately. 

Upon examination of Table II it is seen 
that phenol red clearances seem to have im- 
proved relatively more than the inulin clear- 
ance. From these figures the improvement of 
the tubule function, as compared with that of 


the glomerulus, occurred in a ratio of approxi- 
mately 2:1. Obviously to establish this as fac- 
tual a larger series of cases will have to be in- 
vestigated. It can be said then, in the final 
analysis of the experimental results obtained 
in this study, that renal function was im- 
proved following prolonged periods of vesical 
drainage in prostatism and that the increase 
was apparently more pronounced in the tubule 
than the glomerular elements of the kidney. 

Graph 1 demonstrates that the improve- 
ment of total renal function continues to a cer- 
tain point and then ceases; that is, apparently 
renal damage is reversible to a certain point 
and after that is irreversible. Just what de- 
termines the degree of irreversibility was not 
determined. However, this factor of reversi- 
bility of renal functional damage has long 
been appreciated by urologists and the sta- 
tionary period (the plateaus on the graph) has 
been loosely termed “‘renal stability” and con- 
stitutes one of the principal criteria indicative 
of the optimum time for prostatectomy. 


EVALUATION OF STUDY 


The problem of renal dysfunction in pros- 
tatism has received little or no experimental 
investigation. In fact, careful search of the 
literature reveals no single reference dealing 
with this problem. Reference was made on 
occasion to the observed fact that renal func- 
tion improved in prostatism with the institu- 
tion of bladder drainage, but further than ad- 
vocating this observation as significant as an 
operative index nothing could be found. 

Strong studied the nephron by microdissec- 
tion in experimental hydronephrosis and found 
that early in hydronephrosis the proximal con- 
voluted tubule became markedly reduced in 
volume. Suzuki, using vital stains, found cells 
of the distal portion of the proximal convo- 
luted tubules to be damaged before those in 
the initial portion of the tubule. Hinman, 
working with rabbits, found that the tubule 
suffered damage before the glomerulus. In 
these various experiments, the urinary back 
pressure, though created by different means 
was still in its early stages and from that point 
of view one might imagine, at least, that the 
situation was somewhat comparable to the 
urinary obstruction of prostatism, and it is of 
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interest that the results of this work support 
these findings. 


SUMMARY 


1. Renal dysfunction was investigated by 
the use of simultaneous inulin and phenol red 
clearance tests. 

2. Renal dysfunction in prostatism is pri- 
marily a tubule dysfunction. 

3. The disturbed renal function in prosta- 
tism is definitely improved by continuous 
vesical drainage. 

4. Renal damage due to prostatism is par- 
tially reversible. Re-establishment of renal 
function is not complete, but reaches a peak 


beyond which no further functional improve- 


ment occurs. 
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THE EFFECT OF HEPARIN ON THE BEHAVIOR OF 
INFARCTION OF THE INTESTINE: 


An Experimental Study 


HAROLD LAUFMAN, M.D., Chicago, Illinois 


N his recent reports (3, 4) Murray ad- 

vocates the use of heparin following re- 

section for infarction of the intestine. 

These reports have stimulated our at- 
tempt to determine the effect of this anti- 
coagulant upon various types of mesenteric 
vascular occlusions and strangulations. The 
high postoperative mortality in cases of mesen- 
teric vascular occlusion has been ascribed to 
the propagation or extension of small thrombi 
into larger vessels after operation. The ques- 
tion arises as to the value of heparin in en- 
hancing the viability of the intestine whose 
circulation has been compromised by mesen- 
teric vascular occlusion. Our experiments 
were conducted to study this problem and to 
determine under what conditions it is safe to 
administer heparin. 


METHOD 


The circulation of the small intestine of the 
dog was impaired in 4 ways: (1) ligation of 
mesenteric vessels, (2) the injection of 2 per 
cent sodium ricinoleate' into the mesenteric 
vessels to produce slow thrombosis, (3) the 
injection of fibrinogen? into the mesenteric 
vessels to produce rapid coagulation, and (4) 
strangulation of loops of intestine. Heparin® 
was administered in some instances before the 
lesions were produced, and shortly afterward 
in others. In each instance a control series of 
experiments was conducted, in which no 
heparin was administered. 

Heparinization was maintained for varying 
periods of time up to 7 days. The multiple in- 
jection method was used, except in a few in- 


From the Division of Surgery, Northwestern University 
Medical School. 

Presented in the Forum on Fundamental Surgical Problems 
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Boston, November 3-7, 1041. 

1Soricin, 2%. 

*Fibrogen. Tissue fibrinogen and cephalin in sterile suspension 
with merthiolate (sodium ethylmercuri thiosalicylate 1: 10,000). 

3Liquaemin (Roche-Organon). 
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stances in which continuous venoclysis was 
administered overnight. The coagulation time 
was kept well above normal, but little effort 
was made to stabilize it at a constant level. 
It apparently made little difference in the 
results whether the coagulation time was 
slightly above normal or far above. A con- 
trol coagulation time was taken before each 
experiment. Coagulation times after the ad- 
ministration of heparin varied from 10 to 45 
minutes. 


EXPERIMENTS CONCERNED WITH LARGE 
MESENTERIC VESSELS 


In the first series of experiments the superior 
mesenteric vessels were ligated. The results 
of such ligations have been reported many 
times in the past. Scott and Wangensteen 
found that the average length of life follow- 
ing ligation of the superior mesenteric vein in 
dogs was 5% hours; following ligation of the 
superior mesenteric artery, 20 hours; and fol- 
lowing ligation of both artery and vein, 19 
hours. The results of control experiments 
were comparable to theirs. 

The process of actual infarction is reversible 
up to 2 to 4 hours following ligation of the 
superior mesenteric vein, and the animal 
usually survived if large quantities of blood 
were given by transfusion and the ligature re- 
leased within this period of time. The blood 
volume ordinarily was reduced 50 to 60 per 
cent. Heparin, as might be expected, had no 
effect on the course of such animals. Because 
of the wide variation in survival times of 
control animals, it was difficult to ascertain 
whether heparin actually hastened death by 
prolonging the coagulation time and allowing 
the animal to bleed more freely. 

Ligation of the superior mesenteric artery 
in heparinized dogs produced the same end- 
results as in the control series. 
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TABLE I.—EXPERIMENTS CONCERNING SMALLER MESENTERIC VESSELS 























Heparinized Control 
Procedure dogs Result does Result 
Devascularization of 10 to 12 cm. small | 3 | All survived; smooth adhesions 3 | Death in 2 from gangrene and peritonitis 
intestine by ligation | | in 48 and 7o hrs. One survived; exten- 
| sive adhesions 
| 
Devascularization of 15 to 20 cm. small 3 Death in 72 hrs., 4 days and 5 2 | Found dead after 24 and 48 hrs. 
intestine by ligation | days respectively 
0.5 c.c. 2% sodium ricinoleate injected 5 One died after 48 hrs.; 4 survived 4 Death in 2 within 48 hrs.; (gangrene). 
into medium sized arteries; arches Resection of gangrenous segment done 
ligated on each side in 2 after 24 hrs.; 1 died from 
peritonitis 
1 c.c. fibrinogen injected into medium | 4 | Death within 12, 24, 24 and 48 3 Death within 8, 12, and 24 hrs. 


sized arteries; arches ligated on each | 
side | 


hrs. respectively; (gangrene) 





respectively (gangrene) 





Rapid thrombosis of the superior mesen- 
teric vein was produced by placing a rubber- 
guarded clamp on the vein near the junction 
with the portal vein. Five cubic centimeters 
of fibrinogen was then injected into the su- 
perior mesenteric vein distal to clamp, and 
the clamp removed in 20 minutes. The mes- 
enteric vessels became obstructed by a thick 
coagulum. The course of such animals was 
similar to that of those in which ligation was 
done. Heparin had no influence on the lesion. 

Slow thrombosis of the superior mesenteric 
vein was produced by injecting 0.5 cubic cen- 
timeters of 2 per cent sodium ricinoleate solu- 
tion distal to a rubber guarded clamp as de- 
scribed. When the clamp was removed after 
20 minutes, the cyanotic, relaxed appearance 
of the intestine due to clamping, rapidly dis- 
appeared with the onset of hyperperistaltic 
contractions. A return of color gave one the 
impression that viability was assured. The 
abdominal wall was then closed. However, a 
thrombus formed within the damaged vessel, 
propagated postoperatively, and caused death 
within 24 to 48 hours. Postmortem examina- 
tion revealed massive hemorrhagic infarction 
of the intestine due to thrombosis of the su- 
perior mesenteric and portal veins. 

In 3 of 5 such animals in which hepariniza- 
tion was maintained for 5 to 7 days, throm- 
bosis was prevented, and they lived with no 
apparent ill-effects. The 2 other dogs died in 
48 and 60 hours with hemorrhagic infarction 
of the intestine. In 2 other animals the ad- 
ministration of heparin was stopped after 24 
hours, and these animals died several hours 
later from infarction due to mesenteric throm- 
bosis. Apparently the heparin had not been 


continued for a long enough period of time to 
prevent eventual thrombosis and death. 


EXPERIMENTS CONCERNED WITH SMALLER 
MESENTERIC VESSELS 


Welsh and Mall demonstrated that if more 
than 5 centimeters of intestine are deprived of 
blood supply, gangrene results. Similarly, 
Eisberg found that in the dog’s intestine there 
is sufficient inosculation of the intramural ves- 
sels in the longitudinal axis to supply at least 
5 centimeters of uncontracted intestine if the 
vasa recta to such a segment are obstructed. 
In order to deprive a longer segment of its 
blood supply, care must be taken to ligate all 
vessels from adjoining vascular arches, in- 
cluding those immediately adjacent to the 
serosa, as well as main vessel to that segment. 

When the vessels supplying 10 to 12 cen- 
timeters of intestine were ligated, 2 of 3 con- 
trol animals died from gangrene of the segment 
and peritonitis in 48 and 70 hours, respec- 
tively. The third showed no apparent ill 
effects. The 3 animals treated with heparin 
for 5 days all lived and remained well. Subse- 
quent laparotomy on the surviving untreated 
animal showed more extensive adhesions than 
in the animals treated with heparin. The anti- 
coagulant thus permitted the survival of a 
segment of bowel to to 12 centimeters in 
length after occlusion of its extramural blood 
supply. The death of the control animals con- 
firms the fact that in the dog a segment of 
bowel ro or 12 centimeters in length usually 
cannot survive when devascularized. It is 


possible that the anticoagulant, by preventing 
thrombi from forming in the intramural ves- 
sels, allows for more extensive collateral cir- 
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TABLE II.—STRANGULATION EXPERIMENTS 


Control series 


Heparin series 









































Time Length of Time Length of 
strangulated | intestine Result strangulated | intestine Result 

hrs. ft. rs. ft. 
3 I | Recovery 3 I Death. Hemorrhage. 24 hrs. (found dead) 
3 I | Death. Peritonitis due to evisceration 3 | I Recovery 

72 hrs. 
6 | I Recovery . 6 } I Death. Hemorrhage. 24 hrs. (found dead) 
— | 
6 I | Recovery 6 | I Death. Hemorrhage, perforation and 
| | peritonitis. 24 hrs. (found dead) 

3 2 | Recovery | 3 | 2 Death. Hemorrhage. 24 hrs. (found dead) 
3 | 2 | Recovery | 3 | Death. Hemorrhage. 24 hrs. (found dead) 
6 | 2 | Recovery | 6 | 2 Death. Hemorrhage. 24 hrs. (found dead) 
6 | 2 | Recovery 6 | | Death. Hemorrhage. 12 hrs. 





| Recovery 


| Death. Hemorrhage. 12 hrs. 





culation from the normal bowel on either end. 
If increased bleeding occurs following heparin, 
apparently the blood loss from a short seg- 
ment before recovery sets in is not sufficient 
to cause death. 

When the vessels supplying 15 to 20 cen- 
timeters of small intestine were ligated, 
heparinization did not permit the survival of 
the segment, although these animals lived 
somewhat longer than did the control animals. 
All died within 5 days with gangrene of the 
deprived segment and peritonitis. None of 
the control animals lived longer than 48 hours, 
while the survival periods of the 3 heparinized 
dogs were 72 hours, 4 days, and 5 days, re- 
spectively. Blood loss was no doubt increased, 
but did not account for death in these ani- 
mals. This experiment would indicate that a 
segment of bowel of 15 to 20 centimeters 
is apparently too long to allow collateral 
blood supply to nourish the entire segment 
from either end when the extramural blood 
supply is cut off. 

Slow thrombosis of medium sized mesen- 
teric vessels was produced by the injection of 
0.5 cubic centimeter of 2 per cent sodium 
ricinoleate into such an artery distal to a 
clamp which included both artery and vein. 
This resulted in spasm of the involved seg- 
ment of bowel, already cyanotic from the 
clamping. Removal of the clamp after 20 
minutes was immediately followed by an ap- 
parent return to normal color. Palpation re- 
vealed pulsations in the vasa recta, and 





hyperperistalsis was marked. It seemed that 
the bowel would survive. However, each of 4 
such dogs showed infarction of the segment 
within 24 hours, and, unless the segment was 
resected, died within 48 hours. 

The same experiment was carried out on 
5 dogs which were heparinized at the time of 
injection and kept heparinized for 5 days. 
Four of the 5 animals survived. When the 
surviving dogs were reopened 1 or 2 weeks 
later, the omentum and neighboring intestinal 
loops were found closely adherent to the in- 
volved segment and its mesentery. 

Rapid thrombosis of medium sized mesen- 
teric vessels was produced by injecting 2 cubic 
centimeters of fibrinogen distal to a clamp, as 
described. Although a coagulum formed with- 
in the vessels within a few minutes, the sur- 
vival times of 3 such animals varied from 8 to 
24 hours. The 4 heparinized animals in which 
this procedure was done lived from 12 to 48 
hours. Heparinization may have thus pro- 
longed life to a certain extent, but did not 
prevent infarction and death in animals in 
which rapid thrombosis was produced. 


STRANGULATION EXPERIMENTS 


Scott and Wangensteen found that the 
length of bowel involved in strangulation is a 
factor in determining the survival period. 
Aird and others have emphasized other fac- 
tors which play important réles in the cause 
of death following low intestinal strangulation 
obstructions. It has been shown that in 
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short-loop strangulations death is usually due 
to perforation and peritonitis; in strangula- 
tions of medium length death is apparently 
due to the absorption of certain toxins; in 
long-loop strangulations death is due to dim- 
inution in blood volume resulting from blood 
loss into the lumen and wall of the strangu- 
lated intestine and into the peritoneal cavity. 

Our strangulation experiments were con- 
cerned with determining the effect on the 
recovery of medium lengths of gut strangu- 
lated for varying periods of time up to 6 
hours. It was felt that release of the strangu- 
lation within this period would not allow 
the lethal factors associated with low intes- 
tinal strangulation obstruction to be effective. 

Four groups of strangulations were carried 
out by means of binding tape (Table IT). In 
each group a control series of dogs was com- 
pared with a heparinized series. Fasting dogs 
of about the same weight were used, and an 
attempt was made to produce the same 
amount of vascular obstruction in each in- 
stance. The tape was first tied around the 
mesenteric stump and then around the loop of 
ileum to be obstructed, and was pulled as 
tightly as the tape would allow. 

In most instances, when the tape was re- 
leased after at least 3 hours, the bowel ap- 
peared questionably viable. In others, the 
infarction appeared irreversible. The bowel 
resembled that of the human during opera- 
tions for strangulated hernia after incarcera- 
tion for 12 hours or more. The segment was 
dark blue or black until released. It then be- 
came very red with purple or bluish areas in 
the wall, and the lumen contained blood. The 
peritoneum contained a bloody transudate. 

All but one of the control animals recov- 
ered after release of the strangulation and 
closure of the abdomen. The 1 death occurred 
after 72 hours and was due to peritonitis 
brought about by evisceration before strangu- 
lation was released. All but 1 of the heparin- 
ized dogs were found dead 24 hours after re- 
lease of strangulations and closure of abdomen. 

The cause of death in these animals was 
undoubtedly shock due to blood and fluid loss 
as evidenced by the large amount of bloody 
fluid in the peritoneal cavity and in the lumen 
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of the bowel. However, in one of the 6-hour, 
1-foot strangulations, death was due to per- 
foration and peritonitis. The prolonged co- 
agulation time following heparin apparently 
allowed free bleeding, thus increasing the 
amount of blood lost during the strangulation. 

An observation was made during the stran- 
gulation experiments concerning the use of 
hot laparotomy pads in cases of questionable 
viability of the intestine. We wished to de- 
termine the safety of administering heparin 
after operation in such cases when resection 
was not done. Each of 4 dogs in which the 
bleeding points on a strangulated loop were 
controlled by means of hot laparotomy pads, 
died from hemorrhage after heparin was ad- 
ministered. It was observed that the pre- 
viously coagulated bleeding points began to 
bleed within 1 hour after injection of heparin. 


RESECTION 


We have performed several resections in the 
presence of heparinization. There was much 
more bleeding than is normally encountered, 
and much time was consumed for hemostasis. 
However, the procedure was satisfactorily 
completed in each case, and the mortality fol 
lowing resection was no different than in con- 
trol animals. 


CONCLUSIONS 


From our experiments it would seem that it is 
unsafe to administer heparin after operation 
in cases of impaired circulation of the in- 
testine when resection is not performed. Al- 
though it appears that heparin enhances the 
chance of recovery of short devascularized 
segments, in cases of mesenteric vascular 
occlusion or strangulation it should be re- 
served only for those cases in which resection 
is performed. 
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EXTRATHYROIDAL METABOLISM OF IODINE 
ASHER CHAPMAN, M.D, Rochester, Minnesota 


ODINE has been identified with the 
physiology of the thyroid gland since the 
findings of Chatin, Baumann, Marine, 
and others. These studies have tended 

to focus attention on the intimate réle played 
by thyroid tissue in iodine metabolism. Re- 
ports of subsequent work on the function of 
iodine in the organism, for the most part, have 
assumed or implied the participation of thy- 
roid tissue. 

The recent experimental im vitro production 
of thyroxine or thyroxine-like substances by 
the iodization of protein has been accom- 
plished. In view of the formation of these 
calorigenic substances in the absence of thy- 
roid tissue, the effect of iodine on the com- 
pletely thyroidectomized animal should be sig- 
nificant. The results of such observations 
form the basis of this report. 


METHODS OF STUDY 


For this investigation 42 male, albino rats 
aged 7 weeks and weighing approximately 165 
grams were selected and divided into 2 groups. 
Twenty-four rats on which thyroidectomy 
was not performed formed 1 group and 18 
thyroidectomized rats formed a second group. 
Thyroidectomy was complete in all animals 
but one in which a small amount of thyroid 
tissue was observed at necropsy. 

All animals received the same goitrogenic, 
low iodine diet described by Remington, and 
all animals had free access to distilled water. 

The groups of intact and thyroidectomized 
animals were each divided in half; 12 intact 
and g thyroidectomized animals each formed 
a group which received an iodine supplement. 
This was administered in the drinking water, 


A portion of thesis submitted to the Faculty of the Graduate 
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requirements for the degree of Doctor of Philosophy. This study, 
combined with the essay “The Relation of the Thyroid and the 
Pituitary Glands to Iodine Metabolism,” was awarded the Van 
Meter Prize by the Association for the Study of Goiter. 

Work done at the Institute of Experimental Medicine under 
the direction of Dr. G. M. Higgins. 

Presented in the Forum on Fundamental Surgical Problems, 
Clinical Congress of the American College of Surgeons, Boston, 
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1.5 micrograms of iodine as potassium iodide 
per cubic centimeter of water, which supplied 
to these 2 groups, respectively, an average 
iodine intake of 34 and 27 micrograms per rat 
per day. Less than 5 per cent difference in the 
intake in the 2 groups existed, calculated on a 
basis of average body weight. Thus 4 groups 
of animals were arranged: 2 groups of intact 
animals, 1 receiving a supplement of iodine 
and the other on a low iodine intake; and 
similarly, 2 groups of thyroidectomized ani- 
mals on supplemented and restricted iodine 
intake. 

Body weights were recorded every third day 
and the consumption of food and water was 
measured and recorded daily. Respiratory 
metabolism was determined twice during the 
course of the experiment. 


EXPERIMENTAL DATA 


The data have been calculated and ex- 
pressed in terms of unit weight and surface 
area of rat tissue because of the diverging 
weights of the different groups. Thus the food 
intake of a group of rats averaging 200 grams 
was compared properly with the food intake 
of a group averaging 150 grams. . 

Food and water intake and changes in body 
weight were observed from the fourth to the 
sixty-ninth postoperative day, thus consti- 
tuting a 65 day experimental period. 

The changes in surface area of these animals 
(Fig. 1) were based on the percentage change 
in weights from the onset of the experiment. 
Difference in the level of iodine intake made 
little change in the rate of growth of intact 
animals, but in thyroidectomized animals dif- 
ferences were observed. Those on restricted 
iodine intake lost weight and surface area 
more rapidly than the animals receiving the 
iodine supplement. The terminal rise of the 
growth curve (Fig. 1) in the thyroidectomized 
animals on low iodine intake is explained by 
the death of low weight members of this group, 
whereas the animals whose percentage loss 
of surface area was less survived. 
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Fig. 1. Growth curves expressed as percentage changes 
in surface area. *——e Group I, intact animal, adequate 
iodine intake; o----o group II, intact animal, low iodine 
intake; ¢=--¢ group III, thyroidectomized animal, ade- 
quate iodine intake; o-----o group IV, thyroidectomized 
animal, low iodine intake. 


The actual changes in weight and surface 
area of the 4 groups (Table I) included the 
changes occurring during the life of the rats 
which died during the course of the experi- 
ment. These figures represent the net per- 
formance of the groups more accurately than 
the graph of percentage changes but they do 
not show the progressive changes so well. 
Again there was noted very little difference 
in the changes in weight or surface area in the 
2 groups of intact animals receiving low and 


TABLE I.—CHANGES IN WEIGHT AND SURFACE 
AREA THAT OCCURRED DURING THE EXPERI- 
MENTAL PERIOD. 


























Actual gain or | Average gain or 
loss over total loss per rat 
period* per day 
Animals Groups re 
7 Surface, , Surface, 
Wt., gm. sq. cm. Wt., gm. sq. cm. 
I 
Adequate -+-930 1-796 +1.21 -++1.03 
iodine 
Intact 
II 
Low +808 +770 +1.17 +1.00 
iodine 
Ill 
Adequate —73 —83 —0.131 —0.149 
Thyroid- iodine 
ecto- 
mized IV 
Low —243 —251 —0.452 —0.467 
iodine | 














*Changes in animals that died during course of experiment are in- 
cluded. 


TABLE II.—INTAKE OF FOOD: RELATION 
TO CHANGES IN SURFACE ARE 





























| Food intake for group, gm. . 
aeaas Gain or loss of 
| surface area 
Animals Groups Average er gm. of 
| } Tot: per sq. cm. ood intake 
| otal of surface area per 24 hrs 
‘ 
| | per 24 hrs. 
I 
Adequate 13,162 0.0534 -++0.061 
iodine 
Intact — —|— — 
II | 
_Low | 13,313 0.0541 -++0.058 
| iodine | 
| Ill } 
| Adequate | 5,762 | 0.0383 —0.014 
Thyroid- | iodine | 
ecto- |—-———_ 
mized IV 
Low 4,818 0.0327 —0.052 
iodine 








adequate iodine intake. But of the thyroid- 
ectomized animals, those receiving the low 
iodine diet without iodine supplement suffered 
a threefold loss of weight and surface area in 
comparison with those animals in the thyroid- 
ectomized group receiving an iodine sup- 
plement. 

The food intake and the gain or loss of sur- 
face area in proportion to the food consumed 
were computed (Table II). The latter com- 
parison represents a measure of food utiliza- 
tion. The food intake and its utilization by the 
2 groups of intact animals were approximately 
the same. However, among the thyroidecto- 
mized animals, although those receiving a low 


TABLE III.—INTAKE OF WATER: RELATION 
TO CHANGES IN SURFACE AREA 























| Intake of water 
Gain or 
For group, c.c. loss of 
| - surface 
Animals | Groups Ratio of, area in 
Average to sq. Cm. per 
per sq. cm.| intake c.c. of 
Total of surface | of food* water 
area 
per 24 hrs. 
| 
Adequate 17,980 0.0701 1.3 +0.044 
iodine 
Intact 
II 
Low 17,461 0.0680 1.3 +0.038 
iodine 
Iil 
Adequate 10,050 0.0652 1.7 —0.008 
Thyroid- iodine 
ecto- — 
mized IV 
Low 11,424 0.0781 2.4 —0.022 
iodine 7 














*Ratio of cubic centimeters of water to grams of food. 
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TABLE IV.—CALORIC INTAKE AS FOOD, BASAL 
CALORIC OUTPUT (CALCULATED FROM OXY- 
GEN CONSUMPTION) AND PERCENTAGE DE- 
VIATION OF METABOLIC RATES FROM THOSE 
OF CONTROL GROUPS. 


























Average caloric intake es 
= — 4 aay _ deviation from 
ipiiinliccat normal caloric output 
Animals | Groups 
Output ‘ ial 
iii (basal Basis asis 
Intake metabol- 1,032 588 
ism) 
I 
Adequate 1,922.4 1,032 ° 
iodine 
Intact -—— > 
Il ; 
Low 1,947.6 1,090 +6 
iodine 
Ill 
. Adequate 1,378.8 588 —43 ° 
Thyroid- iodine 
ecto- 
mized IV 
_Low 1,177.0 482 —53 —18 
iodine (432)* | (—58)* (~29)* 























*One animal with regenerated thyroid tissue (rate —30) was excluded. 


iodine intake consumed almost as much food 
as the controls receiving iodine, yet they lost 
more than three times as much weight and 
surface area. That is, the thyroidectomized 
animals that received iodine utilized their food 
better than the thyroidectomized animals 
which did not receive an iodine supplement. 

A study of water intake in relation to sur- 
face area, to change in surface area and to the 
intake of food showed (Table III) that the 
water consumption in intact animals on either 
low or adequate iodine intake was not altered 
significantly. The water intake in thyroid- 
ectomized animals on low iodine intake, how- 
ever, was significantly greater than in the 
thyroidectomized animals receiving iodine. 
This was evident in relation to surface area as 
well as to the food intake. For every gram of 
food taken by the thyroidectomized animals 
receiving supplemental iodine, 1.7 cubic centi- 
meters of water was consumed, while the 
thyroidectomized group on low iodine con- 
sumed 2.4 cubic centimeters of water for each 
gram of food. The expression of loss of surface 
area in relation to water consumed indicates 
that the loss was approximately proportional 
to the loss calculated on a basis of food intake; 
that is, even though the water consumption 
was greater, the loss in weight and surface area 
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Fig. 2. Relation of intake of food and water to change in 
surface area. The length of the brackets indicates the 
ratios of food to water intake in the groups. 


progressed. It is probable that the changes in 
weight and surface area were independent of 
the water intake and that the animal had 
diuresis and not retention of water. The rela- 
tive differences in the amounts of food and 
water consumed and in the change in surface 
area of the 4 groups of animals are shown in 
Figure 2. 

The metabolic rate of the animals was de- 
termined on the 49th and 64th days of the ex- 
perimental period; a slight decrease in the 
oxygen consumption occurred in the second 
determination. The average of the two de- 
terminations was selected as a basis for com- 
parison of the metabolic rates in the 4 groups 
(Table IV). A slight increase, 6 per cent, in 
the average basal metabolism of the intact 
(goitrous) animals receiving low amounts of 
iodine over that of the intact animals receiv- 
ing adequate amounts of iodine may not be of 
sufficient magnitude to be significant. How- 
ever, a real difference between the mean meta- 
bolic rate of the two thyroidectomized groups, 
with and without the iodine supplement, was 
observed. If the one animal in the thyroid- 
ectomized group which did not receive any 
iodine supplement and which showed re- 
generated thyroid tissue at necropsy was ex- 
cluded, then the basal metabolic rate for this 
group was depressed 27 per cent below that 
of the thyroidectomized control group re- 
ceiving the iodine supplement. 
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Caloric value of the food intake of the 
groups was calculated (Table IV). However, 
as this was not consumed under basal condi- 
tions the comparison with the caloric output 
is only relative. 


EVALUATION OF STUDY 


The presence of thyroid tissue in the intact 
animals permitted utilization of the small 
amount of iodine available in the low iodine 
diet. To accomplish this the thyroid hyper- 
trophied, thereby maintaining the growth and 
well-being of the organism, as shown in the 
growth curve of the two intact animal groups. 

The thyroidectomized animals, on the other 
hand, deprived of tissue especially adapted to 
the processing and utilizing of iodine, suffered 
a change in body growth and function. Un- 
like the intact animal groups, however, the 
presence or absence of a plentiful supply of 
iodine made a distinct difference in the per- 
formance of the thyroidless animals. This was 
evident in the depressed growth curve, the 
less efficient utilization of food, the greater 
intake of water and the distinctly lowered 
metabolic rate associated with the restricted 
iodine intake in the athyroid animal as com- 
pared with a similar group of animals re- 
ceiving an iodine supplement. It is evident 
that iodine played some réle in the body 
economy of the thyroidectomized animals. 

The possibility that iodine may have an 
effect on vital processes in the absence of 
thyroid tissue was emphasized by the work 
of Swingle, Hoskins and Hoskins, Allen, and 
others who showed that iodine stimulated 
metamorphosis in thyroidectomized amphibi- 
ans. Further evidence that iodine may affect 
growth processes in the absence of thyroid 
tissue was shown by Silberberg amd Silber- 
berg, who reported stimulation of growth of 
bone in immature thyroidectomized guinea- 
pigs by the administration of iodine. This re- 
sulted in a parallel to the growth of bone 
caused by the administration of thyroxine to 
thyroidectomized animals. 

Abelin, Ludwig and von Mutzenbecher, 
Salter and Lerman, Block, and others have 
demonstrated the production of thyroxine, 


diiodotyrosine and calorigenic protein similar 
to thyroglobulin by the iodization of organic 
material in vitro. 

It is possible that iodine in the thyroidless 
animal acted in a similar manner to that of 
iodine on organic matter in vitro, possibly 
aided by enzyme action not necessarily con- 
fined to thyroid tissue. This effect of iodine 
in the thyroidless animal, then, may represent 
the action on the tissues of a certain concen- 
tration of iodine, thus elaborating a thyroxine- 
like substance. 

If an extrathyroidal utilization of iodine 
exists, then its function in disease associated 
with iodine metabolism may be significant, 
especially in hypothyroid states. The unto- 
ward effects of iodine lack in the athyroid ani- 
mal suggest that an absolute iodine deficiency 
would impose a more severe strain on the or- 
ganism and that life itself may not be com- 
patible with the complete absence of iodine. 


SUMMARY AND CONCLUSIONS 


A difference in iodine level in the diets of 
thyroidectomized rats significantly altered the 
changes in weight and surface area, the water 
intake, the food utilization, and the metabolic 
rate. These changes were not induced in the 
intact animals by deprivation or administra- 
tion of iodine. 

From the data presented it is concluded 
that iodine may play a réle in body metabo- 
lism in the absence of thyroid tissue, possibly 
by the production of a thyroxine-like sub- 
stance in the tissues. 
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THE 


ECAUSE cancer of the stomach has re- 
ceived so much attention in recent 
years, further comment at this time 
would seem to be superfluous. Several 

extremely discouraging facts stand out so 
vividly, however, that one is justified in re- 
viewing the present status of the problem as 
it is obvious that even greater efforts will have 
to be expended if any appreciable improve- 
ment is to be achieved in the early diagnosis 
and treatment of cancer of the stomach. 

The seriousness of cancer of the stomach 
may be emphasized by comparison of the 5 
year survival rates of all patients who have a 
malignant lesion in the more common sites, 
whether treatment has been given or not. 
With the possible exception of primary car- 
cinoma of the lung, the 5 year survival rate 
after the diagnosis of cancer of the stomach is 
appreciably lower than the 5 year survival 
rate in cases in which a diagnosis of cancer of 
the fundus of the uterus (55 per cent), thyroid 
gland (42 per cent), breast (32 per cent), 
uterine cervix (31 per cent), or large intestine 
(24 per cent) has been made. 

Walters, Priestley, and I have reported else- 
where the results of the study of a large group 
of cases of malignant lesions of the stomach. 
From a study of these cases, it was noted that 
of all cases in which a diagnosis of a malignant 
lesion of the stomach had been made, opera- 
tion was performed in only 57.7 per cent 
(surgical rate) and that resection of some type 
was possible in only 25.8 per cent. The im- 
mediate hospital mortality in the group of 
cases in which resection was performed was 16 
per cent, which, when translated into terms 
referring to the total number of patients ob- 
served, reduces the number of patients who 
theoretically have any chance of survival to 
21 persons for each 100. In 28.9 per cent of 


cases in which a malignant lesion of the 
From the Division of Surgery, Mayo Clinic. 
Presented before the Clinical Congress of the American College 
of Surgeons, Boston, November 3-7, 1941. 


487 





DIAGNOSIS AND TREATMENT OF CANCER 
OF THE STOMACH 


HOWARD K. GRAY, M.D., F.A.C.S., Rochester, Minnesota 


stomach was successfully treated by resection 
the patients were found to be alive at the end 
of 5 years, whereas only 6.2 per cent of the 
total number of patients observed with a 
malignant lesion of the stomach were alive at 
the end of the same period. 

It is interesting to note the similarity in the 
operability rate and resectability rate in 127 
cases of primary carcinoma of the lung re- 
ported by Overholt. In 41 per cent of the 
cases the lesions apparently were operable 
but in only 26 per cent of the cases ex- 
ploratory operation disclosed the lesions were 
operable. At the time Overholt made the re- 
port, in 11 per cent of the cases in which the 
patients were living in which the malignant 
lesion had been removed, there was no 
evidence of metastatic involvement. It is 
impossible to determine at this date the 5 year 
survival rate as only 3 of 13 patients with no 
evidence of metastasis had been operated on 
more than 5 years before the report was made, 
and for this reason it is obvious that the 5 year 
“salvage” rate for the total number of pa- 
tients observed will be appreciably less than 
11 per cent and probably will be very close to 
that already mentioned for malignant lesions 
of the stomach. 

The fact that early removal of a malignant 
lesion of the stomach is the only known 
method of cure has been emphasized re- 
peatedly and is so widely accepted that 
repetition at this time seems trite and ele- 
mentary. It may be assumed that because 
our study has been based on all cases of 
malignant lesions of the stomach observed in 
the years 1907 to 1938, inclusive, the surgical 
rate of 57.3 per cent and the resectability rate 
of 25.5 per cent will be low when compared to 
similar figures based on experience during the 
last 15 years. Unfortunately, such is not the 
case. The ratio of patients operated on to 
total patients who were found to have a 
malignant lesion of the stomach has varied 
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little during the last 15 years from the surgical 
rate for the whole period and although the 
ratio of patients who underwent resection to 
the total number of patients is slightly higher 
than the rate of 25.5 per cent, the improve- 
ment is so insignificant as to be negligible. 

The answer to this difficult and discouraging 
problem is not easy. One of the first responsi- 
bilities of the medical profession is to spread 
the knowledge that, with proper care, cancer 
of the stomach (in the broad sense) can be 
cured if it is attacked when the process is in its 
early stages and is localized in the stomach. 
That the symptoms of cancer of the stomach 
may be vague and ill defined is well known. 
Laymen must understand that there is no 
typical symptom complex that is characteris- 
tic of cancer of the stomach, and the physician 
and surgeon likewise must not wait for the 
development of characteristic symptoms be- 
fore considering the possibility of the presence 
of a malignant lesion of the stomach and in- 
sisting upon a thorough examination in order 
to arrive at a correct diagnosis. 

An attempt was made to classify the 
symptomatological picture presented by the 
patients who had cancer of the stomach in the 
group previously mentioned. This proved to 
be a difficult task because of the great variety 
of detailed symptomatological aspects in- 
herent in such a large series of cases. The 
“unusual” type of symptomatological picture 
of a malignant lesion of the stomach occurred 
in three-fifths of the cases and consisted of a 
symptom complex in which dyspepsia was the 
most prominent symptom and was associated 
with varying degrees of decline. Thirty per 
cent of the patients portrayed the symptomat- 
ological picture of “‘ulcer,’’ which was char- 
acterized by epigastric pain occurring char- 
acteristically when the stomach was empty 
and which was relieved by the ingestion of 
food or alkali. Seven hundred ninety-three 
patients who had a malignant lesion of the 
stomach had received some type of therapy 
for ulcers and 81 per cent of these patients 
had experienced definite subjective improve- 
ment. The observation would seem to dis- 
credit the value or the advisability of the use 
of the response to treatment as a criterion for 
distinguishing a malignant lesion from a be- 


nign ulcer except under the most nearly 
accurate conditions of observation, which it 
is possible to obtain. 

A reason for the discouragingly low surgical 
rate in cases of malignant lesion of the stomach 
has been suggested by the supposed frequency 
with which such lesions manifest themselves 
at such an advanced stage of development 
that the lesion is inoperable before the patient 
experiences symptoms which suggest its 
presence. That this occurs occasionally is 
well known. That this occurs frequently is not 
substantiated by the fact that only 18 per cent 
of this large group of patients had noted the 
first symptom referable to the stomach less 
than 3 months prior to their admission to the 
clinic, whereas exactly half of the patients 
stated that they had experienced symptoms 
referable to the stomach for more than a year. 
It should be noted especially that the fact 
that a patient may have had symptoms ref- 
erable to the stomach for a long time is no 
criterion upon which to exclude the presence 
of a malignant lesion of the stomach. 

Among laymen, and particularly among 
physicians, there has been a lamentable lack 
of appreciation of the malignant potentiality 
of gastric ulcer. This statement does not sug- 
gest that all malignant lesions of the stomach 
start as benign ulcers. It is impossible from a 
pathological or clinical standpoint to deter- 
mine how frequently this may occur, perhaps 
not over ro per cent, perhaps never. It is not 
really so important to quibble as to whether 
or not a particular malignant lesion was once 
a benign ulcer as to attempt to determine 
immediately whether or not the lesion under 
consideration is malignant. Through bitter 
experience it has been learned that there is no 
method by which an unequivocal clinical 
diagnosis may be made as to the malignancy 
or benignancy of any ulcerating lesion of the 
stomach. In spite of the fact that the most 
outstanding advances in the diagnosis of can- 
cer of the stomach can be attributed to roent- 
genology and gastroscopy, and that all other 
diagnostic methods in comparison become so 
insignificant that their importance can be dis- 
regarded, expert roentgenologists and gas- 
troscopists admit that it is impossible in many 
instances to distinguish between a small ul- 
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cerating carcinoma, a malignant gastric ulcer, 
and a benign gastric ulcer. In our experience 
at the Mayo Clinic, approximately 9 per cent 
of carcinomatous ulcers had been diagnosed as 
benign by a roentgenologist, and what is even 
more significant, in 18 per cent of all cases of 
cancer of the stomach in which roentgenologic 
diagnosis was made, it was not possible to 
determine the exact nature of the lesion, and 
in 7 per cent of the cases a diagnosis of benign 
ulcer was made. It is particularly significant 
that some type of abnormal lesion of the 
stomach was noted in gg per cent of cases in 
which a malignant lesion of the stomach was 
present. The fact that it is impossible to 
determine definitely by means of roent- 
genologic or gastroscopic examination the 
exact nature of certain lesions of the stomach 
is not surprising. This statement is not a 
criticism of either of these diagnostic methods. 
The two methods of examination of the stom- 
ach are supplementary and in many instances 
either one or the other may demonstrate an 
abnormal condition in the stomach while the 
remaining method may produce essentially 
negative results. A similar experience was 
recorded by Allen and Welch in a paper read 
before the American Surgical Association this 
year. This study dealt with 277 cases in 
which a surgical diagnosis of gastric ulcer was 
made. In 35, or 14 per cent, of the cases the 
lesion finally proved to be cancer. From this 
study, Allen and Welch have seen fit to recom- 
mend operation if: (1) the gastric ulcer is of 
short duration and the patient is more than 
50 years old; (2) the ulcer is more than 2.5 
centimeters in diameter; (3) there is no free 
hydrochloric acid in the gastric contents; 
(4) the ulcer is situated on the greater curva- 
ture or in the prepyloric region; (5) the ulcer 
is chronic and is on the lesser curvature. They 
recommend hospital observation and treat- 
ment for 1 month if: (1) the ulcer is acute and 
the patient is young; (2) the ulcer is less than 
1 centimeter in diameter; (3) the ulcer is on 
the lesser curvature or on the anterior or 
posterior wall. If healing of the ulcer is com- 
plete in 1 month they said that repeated ob- 
servation should be made 1 month after dis- 
missal of the patient from the hospital. If 
healing is not complete in 1 month, as deter- 
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mined by roentgenologic and gastroscopic ex- 
amination, then operation is advisable. My 
associates and I are in complete agreement 
with the principles of these conclusions. The 
fact cannot be emphasized too strongly how- 
ever, that although the ulcer may give every 
evidence of having healed roentgenologically, 
gastroscopically, subjectively, and by the dis- 
appearance of occult blood from the stools, a 
malignant lesion may be demonstrated within 
a very few weeks after the fulfillment of these 
accepted criteria for a benign lesion. 


TREATMENT 


The purpose in treating cancer of the 
stomach is two-fold. The first is to effect a 
cure, if possible, and the second is to prolong 
life and reduce to a minimum the suffering 
which may be associated with the disease. It 
is obvious that the first purpose can be ac- 
complished only by extirpation of the malig- 
nant mass together with accessible lymph 
nodes that are involved, including all of those 
in the greater omentum. In most instances, 
as shown by Carman, the question of op- 
erability, from the roentgenologic standpoint, 
depends on the situation, the extent, and the 
character of the cancer. He divided the 
stomach into 3 zones: the operable zone, 
corresponding to the pars pylorica; the border- 
line zone, corresponding to the pars media; 
and the inoperable zone, corresponding to the 
pars cardiaca. Tumors that are inoperable are 
usually situated in the cardiac end of the 
stomach, or have spread from a pyloric or 
fundic position to within the inoperable zone. 
Only rarely is a preoperative report of in- 
operability of a lesion in this situation not 
confirmed when exploratory operation is per- 
formed. 

Roentgenologic evidence alone, however, 
should not be sufficient evidence in occa- 
sional cases to deny the patient what benefit 
may be derived from surgical exploration. 
This is particularly true of lesions situated 
primarily in the fundic portion of the stomach 
or near the cardiac orifice,.as great strides 
have been made in the transpleural approach 
to these lesions. Although improvement in 
the ‘‘salvage”’ rate of patients with malignant 
lesions of the stomach may be expected with 
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the development and refinement of the more 
extensive surgical procedures, a more promis- 
ing field undoubtedly exists in widespread 
promulgation of the importance of early diag- 
nosis and recognition of the malignant po- 


tentiality of every ulcerating lesion of the 
stomach. 
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USE OF FEMALE SEX HORMONES IN CLINICAL PRACTICE 


E. C. HAMBLEN, B.S., M.D., F.A.C.S., Durham, North Carolina 


NDOCRINOLOGY during the past 
decade has been a veritable hand- 
maiden of gynecology. Despite a 
widespread and often uncritical or- 
ganotherapeusis, which has not failed to draw 
repeated criticism from conservative clinicians, 
securely established indications have now been 
delineated for the use of the newer hormones 
in everyday practice. Equally, if not more im- 
portant, contributions of endocrinology, how- 
ever, have been manifest in the resultant 
evolution of a newer and more physiological 
approach to the handling of many of the ills 
of woman, which emphasizes diagnosis of func- 
tional levels and has as its desideratum the 
utmost salvage of function and the preserva- 
tion or restoration of the fertile state when it 
is possible. There is now less recourse to func- 
tion-destroying surgery and roentgenotherapy, 
unless it is founded upon securely established 
indications. 

The ovary elaborates two kinds of “female 
sex” hormones: estrogenic substances (estro- 
gens) from the granulosa cells of maturing 
graafian follicles and also from the cells of the 
corpus luteum and progestational substances 
(progestin) from the lutein cells of the corpus 
luteum. Estrogens are responsible for the mani- 
fold definitive changes in the sexual appa- 
ratus, and elsewhere, which characterize the 
adolescent epoch of sexual maturation and 
for the maintenance during the reproductive 
years of a state of development in the sexual 
organs compatible with the functional re- 

From the Endocrine Division of the Department of Obstetrics 
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quirements placed upon them. These hor- 
mones are largely responsible, therefore, for 
the objective and subjective femininity of 
woman. Progestin is concerned with the prepa- 
ration*of the uterus in particular and the 
woman in general for the monthly physio- 
logical anticipation of pregnancy and, when 
gestation does occur, with important réles in 
the nutrition and protective sheltering of the 
developing fetus. Opposing to some extent 
and, perhaps, also acting as synergists or pace- 
makers to these female sex hormones, are the 
contrasexual androgenic hormones which are 
elaborated in woman solely by the adrenal 
cortex. Woman’s hormonal moiety must be 
viewed then as being dual in sexual nature: as 
Blair-Bell has observed, the older view that 
propter ovarium solum, mulier est quod est is 
less a real statement of fact than propter se- 
cretiones internas totas, mulier est quod est. 
All of the ovarian and cortical adrenal hor- 
mones are steroids, or higher alcohols, which 
contain in common the cholane nucleus. Three 
different estrogenic hormones have been iden- 
tified in woman’s urine: estrone, estriol, and 
estradiol. Commercial preparations of all of 
these are available for therapeutic usage. 
These estrogenic hormones should be con- 
trasted with certain nonhormonal drugs which 
possess estrogenic properties, but which have 
no chemical relationship to the natural ster- 
oids, for example diethylstilbestrol and_ its 
esters. During recent months diethylstil- 


bestrol has been released into commerce by 
the Food and Drug Administration. Only one 
active progestational hormone, progestin, has 
been recovered in small amounts from wom- 
Another progesta- 


an’s ovaries and urine. 
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tional steroid, anhydro-oxyprogesterone, has 
been prepared synthetically from estradiol. 
Both of these progestational steroids are avail- 
able commercially. While four 17-ketosteroids 
of adrenal origin have been recovered from 
woman’s urine, androsterone, dehydroiso- 
androsterone, isoandrosterone, and etiocho- 
lanol3(a)-17-one, only two of these, andro- 
sterone and dehydroisoandrosterone, possess 
significant masculinizing or androgenic prop- 
erties (2). Only the androgens, testosterone, 
which has been recovered from testes but not 
from urine, and its derivative, methyl testo- 
sterone, are used therapeutically. 


USES OF ESTROGENS 


Consideration of the known pharmacologi- 
cal properties of estrogens has justified as 
rational their trial under the following circum- 
stances (9): (1) in certain established instances 
of estrogenic ovarian failure, occurring in ado- 
lescence or during sexual maturity, as sub- 
stitutional or complemental therapy; (2) in 
certain subjective disturbances of the cli- 
macteric as palliative but not full substitutional 
therapy; (3) in hypomastia for cosmetic ef- 
fects alone; (4) in certain hyperfunctional 
states of other glands, i.e., the pituitary or 
adrenals, as antagonistic therapy; and (5) in 
certain cases for specific pharmacological 
effects upon the vaginal epithelium, the indi- 
cation for therapy not being any endocrine 
disturbances. 

In addition to these apparently rational 
indications, estrogens have been employed 
empirically and often contraphysiologically 
under various conditions. 

Substitutional therapy in intrinsic ovarian 
failure. When severe grades of estrogenic 
failure of this character exist, the indication 
for therapy concerns the completion of sexual 
maturation in the adolescent and the preven- 
tion or correction of sexual regressions in the 
adult. Large doses of estrogens will produce 
dramatic endocrine responses under these cir- 
cumstances, for the endocrine function of the 
ovaries can be substituted for just as effec- 
tively as that of the pancreas or the thyroid. 
Three important facts limit the practicality of 
prolonged substitution at the ovarian level: 
(1) the expense involved: the large dosages of 


estrogens required day after day and year 
after year have imposed in the past an almost 
insurmountable financial burden, but the 
commercial availability of diethylstilbestrol 
has now circumvented this limitation; (2) the 
inability to overcome the sterility of the pa- 
tient: the germinal function of ovaries cannot 
be substituted for; and (3) the temporary 
nature of the results obtained: regressions 
which erase, for the most part, all therapeutic 
results, occur when treatments are discon- 
tinued. 

Fortunately, in view of these limitations, 
severe estrogenic deficiency rarely impairs 
health or somatic efficiency despite the cos- 
metic inelegancies it may impose upon the 
adolescent or the young woman. A limited 
trial of substitutional therapy is justified in 
the young woman with severe estrogenic de- 
ficiency upon the following grounds: (1) to 
attempt to curb the abnormal somatic over- 
growth of these young patients by effecting 
epiphyseal closures, a therapeutic hope not 
definitely established as a fact; (2) to bring 
about some degree of sexual attractiveness of 
the patient, for its salutary psychic effects; 
and (3) to alter beneficially the ovariopitui- 
tary reciprocities of these patients by the re- 
sulting genital growth and development (g). 

Complemental therapy in intrinsic ovarian 
failure. Intercurrent episodes of intrinsic 
ovarian failure occur, as for example, the oc- 
casional sterile (anovulatory) cycles which 
even normal, healthy women may have. A 
preponderance of these may produce sterility 
and eventual distressful menstrual irregu- 
larities. 

Frequently excessive or prolonged uterine 
bleeding of the young woman is due to these 
intercurrent episodes of lowered receptivity 
of the ovaries to gonadotropic influences from 
the pituitary. The employment of a system of 
cyclic steroid therapy embracing the use of 
estrogens and progesterone under these cir- 
cumstances permits effective control of the 
uterine bleeding without any further damage 
to ovarian function; in fact, not infrequently, 
this therapy may permit tiding the patient 
over this ovarian crisis until such time when 
normal function returns (11). Without such 
supportive therapy, doubtless many of these 
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intercurrent episodes progress to graver de- 
grees of ovarian failure. 

These statements regarding the effective- 
ness of the hemorrhagenic-hemostatic schedule 
permitted by cyclic steroid therapy should not 
be construed as representing the advocacy of 
endocrine therapy solely to regulate the men- 
strual cycle. Many menstrual irregularities 
are innocuous, if not actually fanciful, and 
endocrine therapy under these circumstances 
is meddlesome and often contraphysiological. 

Palliative therapy in the physiological estro- 
genic failure of the climacteric. It is trite to 
state that estrogenic deficiency is physiologi- 
cal at the time of the climacteric, yet, some 
of the massive doses of estrogens given at this 
time of life by some organotherapeutic en- 
thusiasts would indicate apparent ignorance 
of the normal hormonology of this epoch. No 
need seems to exist for prolonged therapy with 
full substitutional or even larger dosages of 
estrogens at the time of the climacteric. Our 
knowledge of geriatrics has not reached such 
a state that we are justified in trying to post- 
pone sexual aging. 

All estrogenic therapy during the climac- 
teric should fulfill this general therapeutic de- 
sideratum: to lessen, but not to substitute for, 
the physiological ovarian deficit of those 
women in whom severe subjective symptoms 
characterize this epoch, i.e., palliative, not 
full replacement therapy. Therapy should be 
limited if possible in duration to several 
months; dosages should be kept small and 
estrogens should be given orally if possible. 
If patients to be treated continue to have 
episodes of bleeding, therapy should be ad- 
justed cyclically so that it is withdrawn at the 
time of and during episodes of bleeding, lest 
troublesome menstrual irregularities be added 
to the other symptoms of the patients. 

Cosmetic therapy of hypomastia. A general 
statement regarding isolated hypoplasias of 
the genital system seems advisable at this 
time. When a woman, who is apparently 
endocrinally adequate otherwise, has uni- 
lateral or bilateral hypomastia or a hypo- 
plastic uterus, the likely diagnosis is a faulty 
end-organ or end-organs rather than faulty 
ovarian function. Estrogenic therapy under 


these circumstances is usually of no benefit. 


At times a patient with typical adolescent 
hypo-ovarianism is concerned solely by her 
hypomastia. The use of estrogenic ointments 
by local massage applied to the breasts may 
give gratifying temporary results if rather 
large doses of estrogens are employed and 
some permanent benefits may result, probably 
due chiefly to massage. It has been reported 
that the concomitant use of progesterone by 
injection lessens the regressions which follow 
the discontinuation of estrogens. 

Antagonistic therapy of hyperfunctional states 
of other glands. ‘Theoretical considerations 
have suggested that large doses of estrogens 
given over prolonged periods may offer a 
means of depressing hyperfunctional states of 
the pituitary and of nullifying the virilizing 
effects of hyperactivity of the androgenic ele- 
ments of the adrenal cortex. The results of 
estrogenic therapy in neither of these condi- 
tions have been satisfactory despite the fact 
that it seems well established that the moder- 
ate gonadotropic hyperactivity of the pitui- 
tary which characterizes the climacteric is 
reduced by adequate estrogenic therapy. 
Larger dosage and more prolonged usage of 
estrogens permitted by recently available 
diethylstilbestrol may have better results 

Therapy for local vaginal effects. The special 
trophic effects of estrogens upon the vaginal 
epithelium have permitted effective applica- 
tions in the treatment of gonorrheal vaginitis 
of childhood and of nonspecific postmeno- 
pausal vaginitis. Since hypoestrogenism is 
physiological at these two periods of life, 
estrogens do not fulfill the requirements of 
hormonal agents but rather of active sub- 
stances having a desired local action: the pro- 
duction of vaginal cornification and increased 
vaginal acidity, both of which effects augment 
the resistance of the host to the invading 
organisms. Since estrogens are active when 
applied directly to the vagina, and since large 
doses are not required, undesired general 
effects of this therapy (precocious adolescent 
phenomena and uterine enlargement with re- 
turn of uterine bleeding, respectively for the 
two classes of patients) may be avoided. 

Good results have been reported by some 
gynecologists from the local use of estrogens 
before operation in postmenopausal women 
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The 
modus operandi of this therapy is similar to 
that in vaginitis. The improvement in vaginal 
proliferation has been said to facilitate opera- 
tion and postoperative healing. 

Empirical and contraphysiological therapy. 
Time does not permit even a listing of the 
various empirical and contraphysiological 
uses to which estrogens have been put. Most 
of these have been concerned with the treat- 
ment of subjective symptoms, by fact or 
theory, usually the latter, related to disordered 
ovarian function. 

An explanation is due, perhaps, in regard to 
our meaning of contraphysiological therapy. 
When estrogens are used in large doses in 
women with apparently normal ovarian func- 
tion with the hope that ovulation and corpus 
luteum function can be prevented, which has 
been stated to be the rationale of such therapy 
in dysmenorrhea and “menstrual migraine,”’ 
this in our opinion constitutes contraphysio- 
logical therapy. 

Recently another type of contraphysiologi- 
cal therapy has been reported. Dunn has 
given male criminals with abnormal sexual 
histories large doses of diethylstilbestrol for 
the purpose of depressing the endocrine func- 
tion of their testes. He was apparently quite 
successful and, in addition, observed mark- 
edly degenerative changes in their seminal 
tubules. : 

USES OF PROGESTERONE 

All of the therapeutic applications of pro- 
gestin (progesterone) and anhydro-oxypro- 
gesterone have been concerned with the sub- 
stitution for or the complementation of corpus 
luteum failure during the progestational phase 
of the menstrual cycle or during pregnancy. 
In the first category, the following conditions 
come up for discussion: dysmenorrhea, estro- 
genic bleeding, and ovarian sterility; in the 
second instance, repeated or threatened abor- 
tions. 

Dysmenorrhea. In line with the widely ac- 
cepted theory that the corpus luteum exerts a 
quieting effect upon uterine motility, it seemed 
logical to employ progesterone, when it be- 
came available commercially, in the treat- 
ment of functional dysmenorrhea. Since re- 
sults that followed were no better than those 
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obtained from diverse other therapeutic agents, 
it seemed logical to question the occurrence 
of any specific action. The reason for this 
therapeutic failure of progesterone seems ob- 
vious. Most women with functional dysmenor- 
rhea have no evidence of corpus luteum de- 
ficiency, i.e., they bleed from progestational 
endometria and excrete essentially normal 
amounts of pregnandiol (a metabolic product 
of progestin) (6). 

Estrogenic bleeding and ovarian sterility. 
Most of the functional disturbances of men- 
struation are characterized by estrogenic 
(anovulatory) bleeding and an associated ster- 
ility, i.e., lack of corpus luteum function. It 
seemed rational to use progesterone in the 
treatment of these conditions. 

Misconceptions occurred at first in regard 
to the pharmacological effects to be expected 
from progesterone. It was believed that in- 
jections of progesterone would postpone bleed- 
ing (i.e., lengthen the interval) when given 
during nonbleeding phases and that, when 
given during episodes of excessive bleeding, 
progesterone would have a hemostatic action. 
In 1936, we (5) called attention to the fact 
that the exact contrary was true: progesterone 
has a hemorrhagenic effect when given during 
nonbleeding phases and increases the amount 
of bleeding when given during flowing. 

Another error in therapeutic theorization 
was the assumption that a “medical curet- 
tage” in these cases, especially in patients 
with excessively proliferated endometria, could 
be produced by progesterone by transforming 
the endometrium to a full blown progesta- 
tional one which in turn would be shed in the 
normal fashion. As early as 1936 (5) we cited . 
the infrequent occurrence of progestational 
responses in these patients following pro- 
gesterone therapy even when progesterone 
was synergized with ample estrogens. This 
phenomenon was related by us to some factor 
which brought about a lowered endometrial 
reactivity to progesterone (11). 

In regard to the sterility associated with 
estrogenic bleeding, it seems unlikely that 
even effective substitution for the absence of 
progestin would induce ovulation any more 
readily than in the instances of adolescent 
ovarian failure wherein substitutional therapy 
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with estrogens is given. However, when 
estrogens and progesterone are given cyclically 
as in our regimen of cyclic steroid therapy 
until normal endometrial reactivity returns, 
a good number of patients experience a re- 
turn of the fertile state. 

Repeated or threatened abortion. Deficient 
function of the corpus luteum has been pred- 
icated to be the etiological factor in the recur- 
rent or threatening abortions of women in 
whom no obvious organic or metabolic causes 
for these abortions exist. Progesterone therapy 
under these circumstances is founded upon 
the assumption that these patients need more 
of the uterine quieting effect of that hormone. 
Many reports have appeared dealing with the 
good results obtained from repeated injections 
of relatively small amounts of progesterone 
in patients with histories of having had num- 
erous previous abortions. 

We have cast doubt recently (8, 10) upon 
the correctness of the premise that corpus 
luteum deficiency is the cause of the abortions 
which are prevented presumably when pro- 
gesterone is administered. Every patient of 
ours who had critically low pregnandiol (a 
metabolic product of progestin) excretions 
aborted despite intensive therapy with pro- 
gesterone in amounts many times those com- 
monly used. It is our belief that, if proges- 
terone has a specific action in preventing abor- 
tions, its modus operandi is something other 
than that of complementing corpus luteum 
deficits. 

USE OF ANDROGENS 

Androgens are not considered usually to 
be ‘‘female sex” hormones but a brief discus- 
sion of these in this paper seems advisable. 
It is justified upon two grounds: (1) the fact 
that these hormones form a part of the normal 
hormonal pattern of woman; and (2) the fact 
that during recent years there has been a 
widespread use of androgens in gynecic 
therapy. 

No clear-cut rationale has been established 
for the therapeutic use of these steroids in 
woman (7). The only justification for their use 
has been apparently that they have pharma- 
cological reactions which under certain cir- 
cumstances appear to be expeditious, i.e., sup- 
pression of ovulation, hemostasis in menor- 


rhagia, pituitary stabilization in the climac- 
teric without endometrial stimulation, sup- 
pression of lactation, etc. 

All of the described effects of androgens 
have been due to the “negation” or ‘‘over- 
riding”’ of the usual ovarian function, i.e., are 
contraphysiological effects (4, 12). Few, if 
any, of the ultimate results obtained by an- 
drogens cannot be accomplished more satis- 
factorily from measures less likely to cause 
undesired side effects. The use of androgens 
in the female is beset with the dangers of grave 
symptoms of virilization, not all of which are 
reversed when therapy is discontinued. One 
theoretical indication for androgenic therapy 
is to antagonize hyperestrogenism. The only 
true and proved instance of this which we 
know clinically is that which is due to granu- 
losa cell tumors of the ovaries, for which the 
recognized and satisfactory treatment is sur- 
gical ablation of the tumor. 


SUMMARY 


Estrogenic hormones have a limited, but 
well established, réle in the treatment of cer- 
tain climacteric syndromes, gonorrheal vagi- 
nitis of childhood, and senile vaginitis. Com- 
plemental therapy with estrogens and pro- 
gesterone in certain instances of intercurrent 
ovarian failure may be followed by the return 
of normal ovarian function. Substitutional 
therapy in severe estrogenic failure of the 
adolescent or young woman yields only tem- 
porary results and does not circumvent the 
sterility of these patients. Untoward responses 
to estrogenic therapy are increasing since the 
availability of cheap, orally active estrogens 
of the diethylstilbestrol type; these are due 
chiefly to overdosage. Diligence to avoid 
overtreatment should be observed. 

Despite the expectations aroused by the 
commercial availability of progesterone, no 
definitely established therapeutic réle has 
been accorded it. As a part of cyclic steroid 
complemental therapy in estrogenic bleeding, 
it has given best account of itself. Its specific 
value in dysmenorrhea and repeated or threat- 
ened abortion is questioned. 

Androgens have no place in rational gyne- 
cologic therapy. Their effects are solely of 
ovarian negating or depressing type. Viriliz- 
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ing effects from the use of androgens do not 
always disappear when the treatments are 
discontinued. 


tN 
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VISUAL FIELD CHANGES AND SUBDURAL HEMATOMAS 
GEORGE L. MALTBY, M.D., Cincinnati, Ohio 


T is universally agreed that the clinical 
diagnosis of subdural hematoma is ex- 
tremely difficult. Many authorities stress 
the importance of making exploratory 

burr holes when the diagnosis is in doubt. A 
negative burr hole is much less serious than a 
neglected subdural hematoma. In an effort to 
improve our diagnostic acumen in respect to 
this condition we have recently reviewed the 
series of verified subdural hematomas seen on 
the neurosurgical service of the Cincinnati 
General Hospital since October, 1937. In the 
course of this review we were surprised to find 
that in slightly more than ro per cent of the 
cases some mention of a visual field defect was 
recorded. Knowing the difficulty in examin- 
ing visual fields, even roughly, in unco-opera- 
tive patients this percentage seemed remark- 
able. It, therefore, seemed probable that a 
brief review of the type of visual defect, the 
diagnostic and prognostic value of such de- 
fects, and the underlying pathological changes 
behind the defects might be worthy of brief 
consideration. 

In a series of 62 verified subdural hemato- 
mas there were 7 instances in which visual 
field defects were mentioned (Table 1). In 4 
instances these were apparently a very definite 
finding borne out by careful confrontation 
tests. In 3 instances the defect was said to be 
probable. In 1 of the 4 definite examples it 
was possible to check the fields by actual care- 
ful perimetry. In all the cases the defect was 
homonymous in character. The homonymous 
defect was contralateral to the hematoma in 
4 instances; in 1 case the clot was centrally 
placed, that is interhemispheral, and the de- 
fect was a left homonymous abnormality, and 
in the seventh case the visual field change was 
ipsolateral. Five of the patients recovered and 
were discharged from the hospital. In 4 of 


these postoperative checks of the visual fields 
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revealed no definite abnormalities. In the 
fifth case that recovered the preoperative 
homonymous defect had been very definite. 
A postoperative check 2 weeks after surgery 
showed a residual, almost complete left ho- 
monymous defect. This was checked again 1 
month after the operative procedure, and 
there was definite evidence of recovery. A 
third perimetric study was done approxi- 
mately 2 months after the removal of the sub- 
dural hematoma, and at this time the fields 
continued to show improvement (Fig. 1). 
Pathological studies were carried out on the 
brains of the 2 patients who died. In both 
cases there was definite evidence of herniation 
of the uncal portion of the hippocampal gyrus. 
In both, the greater herniation was in the 
right side. The clinical evidence in each in- 
stance had pointed to a left homonymous 
visual field defect. In the examination of both 
brains there was a suggestion that circulation 
in the posterior cerebral artery on the right 
had been interfered with by the uncal hernia- 
tion. The first fatal case (No. 4) was the one 
in which the hematoma had been interhemi- 
spheral. There was gross evidence of moderate 
softening in the distribution of the right poste- 
rior cerebral artery. However, in the second 
case (No. 7) there was very definite gross and 
microscopic evidence of bilateral posterior 
cerebral artery involvement with encephalo- 
malacia. This change was much more exten- 
sive on the right, the side on which the 


TABLE I.—SUMMARY OF CASES REPORTED WITH 
EMPHASIS ON VISUAL FIELD AND PUPIL- 
LARY CHANGES 









































No.| Side of clot | Visual field change | Pupillary change | Mortality 

1 | Left Right homonymous} Right>Left Relieved 
el Right Left homonymous | Right>Left Relieved 

3 | Left Right homonymous} Left >Right Relieved 
ay Central Left homonymous | Left >Right Died 

5 | Right Left homonymous | Right>Left Relieved 
e1 Left Left homonymous | Right>Left Relieved 
ry Right Left homonymous |! Right>Left Died _ - 
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Fig. 1. Shows progressive improvement in left homony- 
mous hemianopia 2 weeks, 1, and 2 months after removal 


hematoma had been found at operation. In 
neither case was there evidence of actual 
thrombosis or complete occlusion of the poste- 
rior cerebral arteries. 

The mechanism of the tentorial pressure 
cone or uncal herniation is no new concept. 
The manner in which this change may pro- 
duce various types of false localizing signs has 
been discussed by Jefferson, by Kernohan and 
Woltman, and by Moore and Stern. More re- 
cently Schwarz and Rosner as well as Allison 
and Morison have published complete re- 
views of the pathological mechanism of em- 
barrassment of circulation in the posterior 
cerebral artery with tentorial herniation. 
Reid and Cone were able to produce experi- 
mentally certain parts of the tentorial pressure 
cone syndrome, more particularly the pupil- 
lary changes. However, it is interesting to 
note in reviewing the cases reported by these 
various authors that none mentioned uncal 
herniation accompanying subdural hemato- 
mas. It also would appear that little has been 
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of a right subdural hematoma. Because of poor co-opera- 
tion the fields are not entirely congruous. 


written about the reversibility of the changes 
that may occur. 

We believe that the visual field changes 
found in this series of subdural hematomas 
were most probably caused by embarrassment 
of the circulation in the posterior cerebral 
artery. Pressure from a herniated hippocam- 
pal uncus brought about slowing of the circu- 
lation and resulting anoxia in the occipital 
distribution of the posterior cerebral artery. 
It is fair to postulate that this change may be 
of any degree ranging from slight anoxia with 
transient functional impairment, through an- 
oxia of such severe degree as to cause perma- 
nent functional impairment based on profound 
structural change, a mechanism discussed by 
Evans and McEachern. This supposition 
seems to fit the clinical and pathological facts 
found in this group of cases. It seems probable 
that in the patients that survived without re- 
siduals the factors causing the homonymous 
defect were mild and reversible. The patient 
who was followed for 2 months but still showed 
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slight visual field defects represented more 
severe tissue damage. Finally, the cases which 
came to postmortem examination represented 
examples of gross irreversible cerebral soft- 
ening. 


SUMMARY AND CONCLUSIONS 


In reviewing a series of 62 subdural hemato- 
mas, 7 cases, 11 per cent, were found to show 
evidence of visual field defect. 

The visual field defect was always homony- 
mous in character. In 5 instances it was con- 
tralateral to the clot, one was ipsolateral, and 
in one the field defect was leftsided, the sub- 
dural clot being centrally placed. 

Four patients showed complete recovery 
without residual visual field defects. In one 
patient careful checks of the fields were car- 
ried out at intervals and gradual improve- 
ment was observed. 

It is believed that too little stress has been 
put on the complications caused by uncal her- 
niation in cases of subdural hematoma. More- 
over, it is felt that the visual field changes dis- 
cussed in this report were caused by tentorial 
herniation and embarrassment of the circula- 
tion through the posterior cerebral artery. 


There seems to be good evidence that these 
changes may frequently be reversible. 

Efforts should always be made to deter- 
mine the presence or absence of visual field de- 
fects in patients suspected of having subdural 
hematomas. In this small series the visual 
field changes were twice as reliable as pupil- 
lary changes in attempting to laterlize the 
subdural clot. Like other clinical signs that 
may indicate uncal herniation, visual field 
changes should emphasize the importance of 
immediate surgical intervention in order to 
remove the cause of the herniation. The 
demonstration herewith of the apparent re- 
versibility of the process emphasizes the im- 
portance of early effective removal of the 


source of the herniation. 
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THE PROTECTION OF THE OPERATIVE FIELD WITH 
AN IMPERMEABLE ADHESIVE SKIN COATING 


A Preliminary Report 


MICHAEL De BAKEY, M.D., F.A.C.S., E. J. GILES, M.D., and EDITH HONOLD, MLS., 


New Orleans, Louisiana 


NTISEPSIS in surgery is usually con- 
sidered to have had its origin with 
Lister’s presentation of carbolic acid 
as a combatant against postoperative 
infections. In one of his earliest communica- 
tions he stated: “‘when it had been shown by 
the researches of Pasteur that the septic prop- 
erty of the atmosphere depended . . . on mi- 
nute organisms suspended in it. . . it occurred 
to me that decomposition in the injured part 
might be avoided . . . by applying as a dressing 
some material capable of destroying the life of 
the floating particles.” (18) Using his anti- 
septic methods in his wards at Glasgow, dur- 
ing the 3 year period ending in 1870, Lister 
succeeded in reducing the mortality rate in 
amputations from 45.7 per cent to 15 per 
cent (19). Since Lister’s epochal contribu- 
tion, asepsis in surgery has become a constant 
and eagerly sought desideratum. It is now 
generally realized that infection at operations 
may arise from several possible sources of 
contamination: (1) upper respiratory tract, 
hands, hair, skin, and clothing of the operat- 
ing personnel, and all individuals entering the 
operating room; (2) the air of the operating 
room; (3) the instruments and paraphernalia 
employed in the operation; and (4) the skin 
of the patient. 

Various attempts have been made to con- 
trol these sources of contamination, the 
efficacy of which is dependent to a great extent 
upon the degree of exactitude in application. 
In 1928, Sutton quoted the statistics of sev- 
eral authors in which the percentages of post- 
operative infections ranged from 28 per cent 
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to 6 per cent. A review of more recent articles 
reveals a decrease in the percentages of infec- 
tion after clean surgical operations, with an 
average of approximately 3 to 5 per cent (4, 7, 
9, 10, 13-15, 26, 27). Beck, in 1936, stated 
that the incidence of serious infections in 
clean surgical wounds has been lowered to 1 
per cent and of trivial infections to 5.4 per 
cent. Of the previously mentioned sources of 
infection which may be present at operation 
perhaps the most difficult to control with ab- 
solute assurance is the skin of the patient. 
Hirschfeld stated that the normal skin rarely 
harbors fewer than 10,000 organisms per 
square centimeter. The general opinion pre- 
vails that no antiseptic yet introduced nor 
technique yet devised completely sterilizes the 
skin. ‘‘Of the many sources of wound infec- 
tion, all, with the single exception of the skin 
of the operative field, are under the control of 
the surgeon if he operates with competent help 
and in proper surroundings” (39). This is 
clearly demonstrated by the numerous at- 
tempts to develop a method which will pro- 
duce relative sterilization of the skin of the 
operative field. Even a cursory perusal of the 
literature will reveal numerous compounds 
and solutions which have been offered as 
antiseptics (1, 2, 5, 6, 10, 13, 17, 21-42). A 
random selection of reported incidences of 
sterility following the use of four widely em- 
ployed antiseptics are as follows: merthiolate, 
95-4 per cent; tincture of iodine, 71.7 per cent; 
mercurochrome, 34 per cent; metaphen 91.1 
per cent; and several others grouped together, 
65 per cent (5, 16, 24, 28, 34, 36, 38, 41, 42). 
Each antiseptic has its advocates who make 
glowing claims for its value and its opponents 
who caution against its uncritical use or con- 
demn it entirely. Allen and associates ob- 
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served that the morbidity rates are not widely 
divergent even though there are clinical differ- 
ences between the various antiseptics. Hirsch- 
feld stated that in spite of the different pre- 
operative preparations, the incidence of 
wound infection in different clinics varies 
slightly. Almost as numerous as the anti- 
septics themselves are the various in vitro 
and in vivo experimental tests which have been 
performed to evaluate the effectiveness of 
these substances (5, 8, 13, 21, 22, 24, 28-30, 
32, 33, 36, 38, 40, 41). It is fairly well agreed 
that antiseptics showing excellent in vitro 
tests may not be at all satisfactory in actual 
clinical use. Likewise, im vivo laboratory rat- 
ings may not give an accurate index of the 
quality of the antiseptic, for as Bass points 
out, organisms added to the skin are more 
easily killed than the “basic flora.”’ 

Price (31) has shown that there are two 
types of bacterial flora on the skin: (1) the 
transient flora which is loosely attached and 
can be removed in a few minutes of scrubbing; 
and (2) the resident flora which is tightly at- 
tached and is difficult to remove. In certain 
cases the resident flora may include virulent 
organisms as a result of prolonged exposure to 
their source. In addition, the bacteria of the 
deeper layer of the skin are brought to the 
surface by perspiration, especially during a 
lengthy operation, and may contaminate the 
wound because the antiseptic applied at the 
beginning of operation is no longer effective. 
Therefore, this source of contamination is a 
constant hazard whose threat increases com- 
mensurably with the length of the operation. 
Since the bacteria cannot be completely re- 
moved from the skin during the operation, 
their introduction into the wound may be pre- 
vented by sealing the operative field with a 
sterile impermeable surface. Such a surface 
film has been produced by the use of mercuric 
bichloride but unfortunately, due to perspira- 
tion, multiplication of bacteria occurs at an 
increased rate beneath the film (32, 33). Con- 
sequently, any injury to the film allows the 
escape of the bacteria into the wound. 

The current method of preparing the opera- 
tive field consists of shaving, careful soap and 
water scrub, defatting, application of an anti- 
septic agent, and draping of the area with 


sterile towels. After the incision is made, 
sterile towels are clamped to the edges to pro- 
tect the wound from possible skin contamina- 
tion. It is generally realized, however, that 
this careful preparation of the skin and the 
clamping of towels around the wound edges, 
are measures of only relative efficiency and 
that they do not absolutely protect the wound 
from such contamination. 

Obviously, if there could be applied to the 
skin in the region in which the incision is to 
be made some impermeable substance which 
is sterile and which would adhere to the skin, 
the incision could be made through it and 
absolute protection from skin contamination 
would be afforded. Such a covering which 
would be most efficient should possess the 
following properties: (1) impermeability to 
bacteria; (2) bactericidal action; (3) non- 
irritancy; (4) transparency; (5) adhesiveness 
to skin; (6) elasticity; and (7) facile incisa- 
bility. 

Because it fulfilled all these conditions ex- 
cept the first three, “‘vinylite resin’! was 
tested for the possibility of fulfilling the other 
requirements. This resin is a polymerized 
vinylite acetate, which is soluble in practi- 
cally all common solvents with the exception 
of water, gasoline, and the higher alcohols. It 
is colorless, odorless, nontoxic, and it resists 
dilute salt, acid, and alkali solutions. It is 
widely used as an adhesive for a variety of 
materials and is an excellent adherent to prac- 
tically all types of surfaces. It absorbs water 
and becomes leathery and pliable when large 
amounts are absorbed (43). 

Several preliminary tests were tried in the 
laboratory before clinical application was 
begun. Solutions of the resin were made in 
different percentages to determine the formula 
which gave a satisfactory coating and which 
dried most rapidly. On the basis of these 
studies, the following formula was adopted: 

25 grams vinylite resin, AYAF 

Ioo c.c. acetone 

1.32 grams nitrocellulose (to hasten drying) 

This solution of vinylite resin was applied 
to the skin of volunteers and allowed to re- 
main intact from 24 hours to over a week. Its 


1This material was supetind through the courtesy of Dr. A. G. Cranch, 
of the Carbide and Carbon Chemicals Corporation. 
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adhesiveness was definitely demonstrated and 
on peeling off the transparent resin, the skin 
beneath was dry and unaffected even at the 
end of a week. Skin irritation was never ob- 
served. Fifteen sterility tests were made. 
One-half cubic centimeter of resin was inocu- 
lated into tubes of meat digest broth and 
incubated aerobically and anaerobically for 4 
days at 37 degrees C. At the end of this 
period, none of the tubes was sufficiently 
cloudy to justify the notation of positive. 
Therefore, all tubes were streaked on blood 
agar plates and incubated aerobically and 
anaerobically for 24 hours at 37 degrees C. Of 
the 30 plates, only one showed a growth of 
nonhemolytic Staphylococcus albus. An at- 
tempt was made to determine the bactericidal 
power of the solvent, acetone. Increasing 
dilutions of acetone were made with sterile 
broth, and these tubes were inoculated sepa- 
rately with staphylococcus, streptococcus, and 
Bacillus coli. At the end of 24 hours incuba- 
tion at 37 degrees C., the tubes were replated 
and failed to show growth on the 1:1 dilution. 
Dilutions of 1:5 or higher had little or no 
bacteriostatic effect. Tubes of the prepared 
resin were inoculated separately with the same 
3 organisms and transplants were made to 
tubes of meat digest broth and blood agar 
plates at the end of 8 minutes, 15 minutes, and 
30 minutes. All tubes were negative and only 
one colony of staphylococcus grew on the 
plate made at the end of the 8 minute period. 

Since the real test of the compound is its 
usefulness clinically, the vinylite resin solu- 
tion was tried on a series of cases. For this 
purpose, 1 per cent phenol was added to the 
formula to enhance its bactericidal powers. 
It was determined that this produced no 
changes in the chemical and physical proper- 
ties of the resin as described above. This 
vinylite resin solution was used in 30 clean 
surgical cases. The usual ward preoperative 
preparation of shaving and soap and water 
scrub was performed. In the operating room, 
the area was scrubbed with ether, and painted 
with vinylite resin by means of a soft rubber 
applicator, and draped with sterile sheets to 
limit the operative field. When the sterile 
drapes were thus applied over the vinylite 
resin before drying had occurred the sheets 


would adhere closely to the skin at the borders 
of the operative field and towel clamps for the 
purpose of holding the sheets in place are 
obviated. This is particularly advantageous 
in areas having curved and irregular surfaces, 
such as in breast or thyroid operations. When 
the solution was applied in proper thinness, 
drying was complete within 5 minutes. The 
length of time and the type of each operation 
were noted. Most of the operations con- 
sisted of appendectomies, thyroidectomies, 
cholecystectomies, herniorrhaphies, and phren- 
emphraxes, and the duration of the procedures 
averaged 46 minutes. In each case, 6 groups of 
bacteriologic studies, depending upon the site 
of swab cultures, were made as follows: (1) 
solution of vinylite resin; (2) the skin of the 
operative field immediately after the patient’s 
entrance into the operating room; (3) skin sur- 
face after ether scrub; (4) skin edge after 
incision; (5) skin edge immediately before 
closure of incision ; and (6) skin surface approxi- 
mately 3 inches from the wound after the 
resin was stripped back and before the applica- 
tion of the dressings. The cultures were sent 
to the laboratory where each was streaked out 
on two blood agar plates and inoculated into 
two tubes of meat digest broth; one of each 
was incubated anaerobically and the other 
aerobically for 48 hours. At the end of this 
period, the plates were examined for growth, 
and the tubes were replated and incubated 
aerobically and anaerobically for a period of 
24 hours. 

The results of these bacteriological studies 
may be briefly summarized as follows: 

Group 1. In 27 cases, the bacteriological 
studies on the solution of vinylite resin imme- 
diately before its application to the operative 
field showed no growth. 

Group 2. In 30 cases the bacteriological 
studies made on the skin of the operative 
field before it was prepared except by shaving 
and washing with soap and water showed 100 
per cent growth. Staphylococcus was recov- 
ered most frequently, which is comparable to 
other reports (11, 12, 14, 15, 26). 

Group 3. In 30 cases, these studies on the 
skin of the operative field immediately after 
it was prepared by ether scrub showed the 
presence of growth in 11 (36.6 per cent) cases. 
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Graph 1. Graphic representation of incidence of positive 
growth in bacteriological studies on the use of vinylite 
resin. 


Group 4. In 30 cases, the bacteriological 
studies of the skin edge immediately after the 
skin incision was made showed the presence of 
organisms in 5 cases or 16.6 per cent. Of these 
5 cases, 4 were positive in group 3 and showed 
organisms with similar bacteriological prop- 
erties. 

Group 5. In 30 cases, these studies made on 
the skin edge at the completion of the opera- 
tion and before the skin edges were closed 
showed the presence of organisms in 8 cases, 
or 26.6 per cent. Of these 8 cases, only 1 was 
also positive in groups 3 and 4, and 3 were 
also positive in group 3 alone. 

Group 6. In 28 cases, bacteriological studies 
made immediately after the completion of the 
operation on the skin surface in the operative 
field under the vinylite resin showed the pres- 
ence of organisms in 3 cases or 10.7 per cent. 


EVALUATION 


Whereas it is recognized that the results of 
these bacteriological studies are based upon 
too few cases to be of conclusive significance, 
they were considered of sufficient interest to 
be presented as a preliminary report. More- 
over, it should be realized that these bacterio- 
logical studies were done with the purpose of 
determining whether vinylite resin solution 
would fulfill the desiderata previously con- 
sidered in the ideal preparation of the skin of 
the operative field. The clinical application 
of this method of skin preparation clearly 
demonstrated that it fulfilled the require- 
ments of transparency, adhesiveness to the 
skin, elasticity, ready incisability, and non- 


irritancy. The significance of these requisites 
of such a skin preparation is clearly apparent. 
Transparency is desirable because it permits 
the surgeon to place the incision accurately 
according to the landmarks which may be 
clearly seen. The significance of adhesiveness 
to the skin lies in the fact that unless the im- 
permeable film adheres closely and tenaciously 
to the skin, there is the possibility that during 
the operative procedure perspiration contain- 
ing organisms which have escaped from skin 
pores may readily seep beneath the film to- 
ward the edge of the incision. This is likely to 
be enhanced further by retraction and manip- 
ulation during the operative procedure. For 
this reason, the film must possess an elastic 
quality somewhat comparable to the skin to 
which it adheres. It was found that the viny- 
lite resin film was readily elastic and simulta- 
neously stretched with the skin and remained 
definitely adherent to it as the wound was re- 
tracted and manipulated. In fact it was ob- 
served that this adhesive and elastic quality 
remained present for several days after the 
operation. Moreover, skin irritation was 
never observed in any of the cases even after 
the film had been allowed to remain in con- 
tact with the skin for as long as one week. 
In a few cases the vinylite resin solution was 
applied to the irritated skin surrounding an 
enterostomy opening and it was found to have 
a definitely protective and beneficial effect. 
Obviously this is another purpose for which 
it may be used to great advantage. 

The results of the bacteriological studies 
clearly demonstrated its bactericidal activity. 
Bacterial growth was obtained in none of the 
27 cases in which these studies were made on 
the solution itself (Graph 1). This is par- 
ticularly significant in view of the fact that no 
special attempt was made to sterilize the so- 
lution. Moreover, the solution was readily 
exposed to contamination since the rubber 
applicator was repeatedly dipped into the 
solution after it had been applied to the skin 
of consecutive patients. 

The fact that bacteriological growth was ob- 
tained from the skin of the operative field in 
all of the cases after it had been prepared by 
shaving and washing with soap and water is 
to be expected and conforms with similar 
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previous studies (8, 22, 24, 31). It merely em- 
phasizes further the importance of careful 
and more effective methods of preparing the 
skin of the operative field. Of particular 
interest is the fact that bacterial growth was 
obtained from the skin after ether scrub in 
36.6 per cent. This would seem to indicate 
that ether has a sterilizing ability of over 60 
per cent, but this is not in accord with other 
studies (20, 32, 34, 36). Price (32) has ex- 
pressed the opinion that ether is valueless as 
a sterilizing agent of the skin. However, its 
detergent qualities are generally recognized 
and for this reason it is considered of definite 
value in the preparation of the operative 
field. Perhaps the unusually low incidence of 
bacterial growth after ether scrub in this series 
may be explained by the fact that this was 
performed with especial vigor and thorough 
care, 8 or g separate scrubbings being used. 
In our opinion this is significant and demon- 
strates the value of such careful mechanical 
cleansing. 

The results of the bacteriological studies of 
the skin incision edges immediately after the 
incision was made and following the comple- 
tion of the operation immediately before the 
incision was closed are also of interest. The 
fact that bacterial growth was obtained in 
only 16.6 per cent of the cases in the former 
instance and that this incidence had risen only 
10 per cent in the latter would seem to indi- 
cate the effectiveness of this method of prep- 
aration. Somewhat comparable studies were 
made by Maddock and Georg (22), who found 
an average incidence of contamination (with 
the use of mercresin, merthiolate, and 2 per 
cent iodine-and-50 per cent propanol) of 37 
per cent at the beginning of the operation and 
60 per cent at the end of the operation, an 
increase of 23 per cent. Certainly if considera- 
tion is given other factors which may act as 
sources of contamination in increasing this in- 
cidence such as the air of the operating room 
and the manipulation of the wound with con- 
sequent squeezing out of bacteria at the skin 
edges the possibility that the skin of the oper- 
ative field as a source of contamination in 
increasing this incidence would seem to have 
been reduced considerably. This would in- 
dicate further that the vinylite resin film is 
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effective as regards impermeability. This is 
also supported by the fact that all of the 
wounds healed by primary union and in none 
was there any evidence of even trivial in- 
fection. 

Perhaps one of the most significant findings 
in this connection is the fact that at the com- 
pletion of the operation, bacterial growth was 
obtained from the skin of the operative field 
after peeling off the vinylite resin film in only 
10.7 per cent of the cases. It must be ad- 
mitted that this was an unexpected observa- 
tion. Certainly if bacterial growth was ob- 
tained from this skin in 36.6 per cent of the 
cases before the film was applied, one would 
expect a higher incidence three-quarters of an 
hour later during which the factors of per- 
spiration and manipulation of the skin with 
consequent escape of organisms may have 
been operative. The explanation for this un- 
expected decrease in bacterial growth prob- 
ably lies in the observation that the skin was 
absolutely dry when the vinylite resin film . 
was peeled away. This may be due to the 
operation of several factors, the significance 
of which can be only speculative. Perhaps 
the vinylite resin produces a local inhibitive 
influence on perspiration or it may have an 
absorptive action. Whatever the explanation 
may be, of practical importance is the fact 
that it has a desirable and_ bacteriostatic 
effect. 

SUMMARY 

1. A brief discussion is presented of the 
importance of a sterile operative field. Two 
types of bacterial flora are present on the skin: 
(1) the transient which is easily removed by 
a few minutes scrubbing, and (2) the resident 
which is very difficult to remove. 

2. An ideal covering for the operative field 
should possess the following qualities: (1) im- 
permeability to bacteria; (2) bactericidal ac- 
tion; (3) nonirritancy; (4) transparency; (5) 
adhesiveness to skin; (6) elasticity; and 
(7) facile incisability. 

3. Vinylite resin fulfilled the requirements 
in laboratory tests, and was employed success- 
fully in 30 clean surgical cases. 

4. Further studies are being carried out at 
the present time to substantiate its value for 
this purpose. 
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PERITONEOSCOPY 


New Applications and a New Supplementary Instrument 


JOSEPH E. HAMILTON, M.D., F.A.C.S., Louisville, Kentucky 


HE peritoneoscope, devised for vis- 
ualizing the abdominal cavity and 
its viscera, is similar to the foreob- 
lique cystoscope except thatit is larger 


and uses an air medium, whereas the cysto-. 
. . > 
scope uses water. After preliminary pneumo- 


peritoneum, the sheath and trocar tip are 
introduced into the abdominal cavity through 
a small stab wound. The trocar is then re- 
moved, the peritoneoscope inserted and an 
examination made. Biopsies can be taken 
with a special forceps which carries a small 
observation telescope. A detailed description 
of peritoneoscopic technique has been made 
by Ruddock (9, 10) who, in 1934, devised 
the instrument now most widely used. This 
author’s last, 750 cases without a single mor- 
tality testify to the safety of the procedure. 
Carried out as it is under local anesthesia, it 
is, furthermore, a minimal operation. As a 
rule, the patient may be up and around 8 
hours after an examination, or the following 
day if a biopsy has been taken. 

I wish to describe a new instrument for 
assisting peritoneoscopy and to present from 
my series of 125 cases several new or little ex- 
ploited applications of peritoneoscopy. 


THE NEW INSTRUMENT! 


The new instrument consists of a blunt 
tipped rod or “manipulator” and an insulated 
endothermy electrode, both of which fit into 
the sheath of a small paracentesis trocar 
through an airtight rubber nipple (Fig. 1). 


From the Department of Surgery, University of Louisville 
School of Medicine and Louisville City Hospital. 

Presented in the Forum on Fundamental Surgical Problems 
before the Clinical Congress of the American College of Surgeons, 
Boston, November 3-7, 1941. 

This instrument was presented both in an exhibit and in a 
moving picture at the meeting of the Southern Medical Associa- 
tion in Louisville, November 15-19, 1940. The diathermy elec- 
trode was added 3 or 4 months later. Two other authors in 
recent publications have independently described instruments 
auxiliary to peritoneoscopy. Robinson and Fisk use an instru- 
ment similar in principle to our own and Lamb described a 
transparent bladder that can be inflated around the peritoneo- 
scope, thus pushing viscera aside. 


When needed, the trocar and sheath are intro- 
duced through a tiny separate stab wound 
under peritoneoscopic view, the trocar is re- 
moved and the manipulating rod or electrode 
is inserted. The electrode is capable of divid- 
ing adhesions, opening benign cysts, etc. 
With the rod, obstructions to peritoneoscopic 
vision are pushed aside or hidden structures 
lifted into view (Fig. 2). The liver and gall 
bladder, usually accessible to the peritoneo- 
scope, may either one or both become’ ob- 
scured by adhesions or loops of bowel. These 
obstructions can be gently pushed one way or 
another to allow adequate visualization. When 
overlapping, the edge of the liver can be lifted 
up to disclose the gall bladder, hidden be- 
tween it and the colon. The spleen, not often 
seen by the unaided scope, unless greatly 
enlarged, can usually be manipulated into 
view. The appendix almost always hidden by 
loops of ileum or by the cecum, is easily lifted 
up for inspection by the rod. In the pelvis, 
tubes and ovaries are sometimes partly or 
completely hidden by their prolapsed position, 
but the tip of the instrument hooked under 
the round ligament will pull them up into 
plain view. Sigmoid, cecum, and colon can be 
pushed about to secure the best visualization. 

We have so far used the auxiliary instru- 
ment 31 times. There have been no accidents 
and the results have been gratifying. 


NEW APPLICATIONS OF PERITONEOSCOPY 


Knowing the potentialities of the peri- 
toneoscope and accessory instrument, the 
trained peritoneoscopist will come to adapt it 
to a widening variety of diagnostic and thera- 
peutic problems outside its recognized routine. 
The following are examples. 

Gunshot and stab wounds of the abdomen of 
doubtful penetration. Heretofore, surgical ex- 
ploration has been the accepted means of 
ruling in or out perforation of the parietal 
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Fig. 1. The new instrument consisting of a small trocar 
and sheath, manipulating rod, carrying the airtight rub- 
ber nipple, and the insulated endothermy electrode and 
cord. 


peritoneum. Peritoneoscopy will give the 
same information, for by probing the débrided 
entry wound with a hemostat the suspected 
area of peritoneum is tented inward for in- 
spection through the peritoneoscope (4). 

Prior to our use of the peritoneoscope in 
these cases, 12 per cent of all surgical ex- 
plorations of abdominal bullet and knife 
wounds at the Louisville City Hospital re- 
vealed no penetration and hence were un- 
necessary. Furthermore, well over go per cent 
of these wounds were so located that their 
penetration or nonpenetration could be re- 
liably determined by means of the peritoneo- 
scope. So far, peritoneoscopy was done in 16 
patients with such injuries. In 7 of these 
penetration was found, thereby indicating 
immediate laparotomy. The other 9 patients 
were spared a laparotomy by visualizing an 
intact parietal peritoneum beneath the entry 
wound. 

Differentiating between appendicitis and sal- 
pingitis and between appendicitis and chole- 
cystitis. All are familiar with the occasional 
female patient who is suspected of having 
salpingitis but upon whom an exploratory 
operation is performed “‘to rule out’’ an acute 
appendicitis. In these cases it is our practice 
first to inspect the adnexae. If they cannot 
be visualized by the unaided peritoneoscope, 
they are easily hooked up for inspection by 
the manipulator. If salpingitis is found, for 
confirmation the appendix is lifted up on the 
rod and examined for abnormality. If the 





The manipulating rod in use. 


Fig. 2. 


tubes are normal and the appendix appears 
suspicious, laparotomy is performed. 

So far, we have used the peritoneoscope in 
this differential problem 5 times with com- 
plete success and with no untoward results. 
Three times a diagnosis of salpingitis was 
made and laparotomy avoided, and once the 
diagnosis of appendicitis was made and veri- 
fied at operation. Once early appendiceal 
peritonitis was unexpectedly discovered. The 
patient was treated conservatively by the 
Ochsner regimen and made an uneventful 
recovery. Interval appendectomy 5 months 
later confirmed the previous diagnosis and 
revealed normal adnexae. 

Rarely a differential problem arises between 
acute cholecystitis and acute appendicitis. 
This was exemplified recently on our wards 
by a 22 year old negro male. Symptoms and 
signs pointed chiefly to early acute cholecys- 
titis, but an inflamed high lying appendix 
could not be ruled out. Peritoneoscopy was 
performed and by this means a distended, 
injected gall bladder was visualized. Pressure 
against it through the abdominal wall caused 
pain. The appendix was then lifted up by the 
manipulator and found to be normal. ‘The 
patient’s symptoms subsided satisfactorily on 
a conservative regimen. 
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Lysis of adhesions and rupture of ovarian 
cysts. Benedict and others have aspirated 
ovarian cysts under peritoneoscopic guidance. 
The only case we could find of peritoneoscopic 
lysis of intra-abdominal adhesions was re- 
ported by Jones in which he divided bands 
between liver and diaphragm to allow more 
complete pneumothorax. Since devising the 
insulated endotherm electrode a year ago, we 
have encountered only 1 patient suffering 
from genuine painful adhesions. This was a 
44 year old negress with persistent sticking 
pain beneath the right breast of almost in- 
capacitating severity. Roentgen studies of 
the chest, gall bladder, and gastrointestinal 
tract were negative. Peritoneoscopy revealed 
a normal gall bladder, old pelvic inflammatory 
disease, and Curtis’ “violin string” adhesions 
between the liver and the anterior abdominal 
wall and diaphragm. Tugging on these ex- 
actly reproduced the sticking pain. The 
adhesions were divided with the cutting cur- 
rent under peritoneoscopic guidance and after 
6 months the pain has practically gone and 
the patient has returned to work. 

On 2 occasions we undertook to rupture 
follicular cysts of the ovary in young women 
with severe menorrhagia who had not re- 
sponded to hormone therapy. The purpose 
was to remove, if possible, the stimulus for 
the excessive flow. In 1 patient examined 
before we had devised our manipulating rod, 
we were unable properly to visualize the 
ovaries. At laparotomy subsequently a cyst 
of the right ovary was found. In the second 
patient a follicular cyst of the left ovary was 
found and punctured with the escape of about 
2 ounces of straw colored fluid. For 6 months 
the patient’s excessive flow gave place to occa- 
sional scant bleeding or spotting and the 
endometrial biopsy changed from hyperplasia 
to anovulatory hypoplasia. The patient was 
so well pleased that when flooding recom- 
menced, she requested another peritoneos- 
copy. However, the second examination re- 
vealed only small sclerosed ovaries and no 
sign of the previous cyst. The patient is now 
being given a trial of lactogenic hormone be- 
fore surgery is resorted to. 

Non penetrating abdominal trauma when in- 
lernal injury is suspected. Ruddock (10) and 


Fry both recommend endoscopy. Neverthe- 
less, we feel that the findings in cases of non- 
penetrating abdominal trauma when internal 
injury is suspected must be interpreted with 
caution. Peritoneoscopy can safely rule in or 
out rupture of spleen or liver. However, al- 
though the discovery of laceration of bowel or 
stomach would constitute a clear-cut indica- 
tion for surgery, the failure to find hollow 
visceral injury by the peritoneoscope would 
by no means rule it out. 

Peritoneoscopy was performed in the case of 
1 boy whose abdominal findings were only 
mildly suggestive of intraperitoneal hemor- 
rhage following a bicycle accident. The dis- 
covery of moderate hemoperitoneum decided 
us upon surgery. At operation 2 lacerations 
in the right lobe of the liver were found and 
repaired. The boy made an uneventful 
recovery. 

Differentiation between bleeding peptic ulcer 
and ruptured esophageal varix. About 2 years 
ago we had the embarrassing experience, upon 
operating for massively bleeding peptic ulcer, 
of finding instead a typical hobnail cirrhotic 
liver and, indirectly, bleeding esophageal 
varices. A few months later we met with a 
somewhat similar case. This time, though 
ruptured varix seemed more likely, there were 
no ascites and bleeding ulcer could not be 
ruled out. A peritoneoscopic examination was 
gently performed, revealing a typically cir- 
rhotic liver and thereby removing any question 
of surgery. It seems that this procedure is less 
likely to restart or to aggravate bleeding and 
is more certain in diagnosis than the/alterna- 
tive barium swallow proposed by Schatzki. 


SUMMARY AND CONCLUSIONS 


We have presented a new instrument to 
assist peritoneoscopy and have described a 
few new applications of the procedure to sur- 
gical problems with the same purpose in each 
case, that of avoiding laparotomy. 

A number of ‘authors (1, 8) warn against 
peritoneoscopy in cases of suspected pene- 
trating abdominal injuries and the vast major- 
ity give as a contraindication any suspected 
acute inflammatory condition, such as acute 
appendicitis or salpingitis. However, in those 
cases in which exploratory laparotomy is the 
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only alternative method of deciding whether 
or not surgery is indicated and in which 
peritoneoscopy is equally capable of making 
that decision, I urge that peritoneoscopy be 
chosen on the grounds that it is much the 
lesser and safer procedure, seldom incapacitat- 
ing the patient for more than 24 hours. 
Incidentally, 3 of our 4 accidents (bile fis- 
tula from liver biopsy in a case of obstructive 
jaundice, moderate hemorrhage following 


splenic biopsy in a case of monocytic leucemia, 
and perforation of ileum in a far advanced 
case of fibrocaseous tuberculous peritonitis) 
occurred in generally accepted and what we 
might term ‘“medical’’ applications of peri- 
toneoscopy. The only untoward result among 


the “surgical” uses of the instrument was a 
mild pneumothorax caused in a patient with 
gunshot wound of the abdomen in which the 
bullet also penetrated the diaphragm. 
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THE NATURE OF A VIRUS ASSOCIATED WITH CARCINOMA 
IN RABBITS 


J. W. BEARD, M.D., A. R. TAYLOR, Ph.D., D. G. SHARP, Ph.D., and DOROTHY BEARD, 
Durham, North Carolina 


OR many years, a most interesting 
phase of tumor research has been the 
study of a small group of virus-induced 
conditions which behave in many re- 
spects as do neoplasms in general. Until 1933 
the principal representatives of the group 
were leucosis of fowls and the chicken sar- 
comas. At that time, however, another virus- 
induced growth was added (13), in this in- 
stance, one occurring in mammals, namely, 
the rabbit papilloma. Papillomatosis of one 
form or another is of frequent occurrence in 
man and the lower animals, and the infectious 
nature of certain types of these growths, 
chiefly in man and dogs, has long been known. 
Nevertheless, studies of these conditions from 
the point of view of tumors were greatly 
limited because of the character of the dis- 
eases themselves or of factors concerned with 
the host. As shown by results obtained, rab- 
bit papilloma, a mammalian virus-induced 
growth, has proved to be an excellent material 
for study in a readily accessible host. 
Infectious papillomatosis oceurs endemically 
in western cottontail rabbits and is charac- 
terized by the presence of warty epidermal 
growths. The disease can be reproduced in 
the laboratory in wild or domestic rabbits by 
extracts of growths from cottontail rabbits, or, 
rarely, from those of domestic animals. The 
papillomatous growths display in many re- 
spects the behavior (9) of the typical mamma- 
lian neoplasms of unknown etiology. Of great 
significance has been the finding that the 
papillomatous growths often undergo radical 
changes (10), developing with time the typical 
characters of destructive, metastasizing car- 
cinoma, frequently in domestic rabbits, rarely 
in cottontail rabbits. 
From the Department of Surgery Duke University School of 
Medicine. 
Presented in the Forum on Fundamental Surgical Problems 


before the Clinical Congress of the American College of Surgeons, 
Boston, November 3-7, 1941. 


In its relation to the induction of neoplastic 
processes in the rabbit, the papilloma virus is a 
tumor agent of very considerable interest in the 
problem as a whole. A knowledge of the na- 
ture of this agent and its properties has been 
sought in a direct approach by studies on its 
isolation and purification. It has been possible 
to isolate a specific material behaving as the 
virus from infectious papilloma extracts, and 
studies have been made on the properties of 
the purified material. 


ISOLATION OF THE PAPILLOMA PROTEIN 


The procedures for isolation and purifica- 
tion (1) have proved relatively simple, though 
time consuming. Warts were gathered in the 
field from trapped cottontail rabbits and 
stored in glycerin solution. In the laboratory 
the growths were ground to a 7.5 per cent 
suspension and extracted in physiological 
saline solution. The extract, cleared of tissue 
débris by filtration through celite or low speed 
spinning in an ordinary centrifuge, was sub- 
jected to 4 or 5 cycles of alternate low speed 
(at gooo revolutions per minute or 7000 times 
gravity) and high speed (30,000 revolutions 
per minute or 60,000 times gravity) spinning 
in the air-driven ultracentrifuge. The high 
speed run was for 45 to 60 minutes, resulting 
in sedimentation of practically all virus 
activity. Pellets so obtained were broken up 
and dissolved in phosphate buffer pH 6.5. 
The purpose of the low speed run on dis- 
solved pellets was the elimination of insoluble 
colloidal material packed tightly during sedi- 
mentation of the virus and not dissolving 
when the pellets were broken up. 

The yield of material purified in this way 
has been as high as 1 to 200 and as low as 1 
part to 125,000 parts of the initial wart tissue. 
During 4 years of study, approximately 1 
gram of the purified product has been avail- 
able for examination. The material gives 
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positive tests for protein. Solutions contain- 
ing 1 milligram per cubic centimeter are 
opalescent and milk-like. The results of ele- 
mentary analysis and fractionation given in a 
succeeding paragraph show the material to be 
nucleoprotein containing possibly a _ very 
small amount of fat. 


HOMOGENEITY AND PHYSICAL STATE OF 
THE PROTEIN 


The problem for first consideration has 
been the determination of the degree of the 
purity and homogeneity of the isolated pro- 
tein in order to establish a basis for evaluating 
the results of analyses on constitution and 
behavior. Recent advances in the study of 
proteins have provided a number of physical 
tests suitable for application to this problem. 
Those used singly or in combination have been 
studies on: (a) homogeneity with respect to 
rate of sedimentation in the analytical ultra- 
centrifuge; (b) homogeneity of electric charge 
density as measured by the reversible spread 
of the moving boundary in the Tiselius elec- 
trophoresis apparatus; (c) the rate and man- 
ner of diffusion; and (d) the viscosity of the 
purified protein solutions. 

Sedimentation velocity studies in the an 
alytical ultracentrifuge give information based 
chiefly on particle shape, size, and mass. 
Such studies were made in parallel with de- 
velopment of the procedures of isolation. 
Examination of solutions of pellets obtained in 
the initial sedimentation in the quantity ultra- 
centrifuge revealed the presence of an ultra- 
violet light absorbing material with a sedimen- 
tation constant of about Sa»=ca. 250 x 107% 
cm. sec.! dynes~1(1). In such a preparation 
the sedimenting boundary was not entirely 
sharp, and there was seen also some of the 
usual tissue protein of molecular size so small 
that no sedimentation of it occurred in the 
ultracentrifugal field employed in the study. 
After 3 to 5 cycles of low and high speed 
spinning, however, there could be seen only 
the specific material, all light tissue protein 
and very heavy insoluble colloidal material 
having been eliminated. With such a product 
the sedimenting boundary was very sharp, 
and, from studies of many samples, the sedi- 
mentation constant was Sa = 278 x 1078 cm. 


sec.' dynes~1(8). The sharpness of boundary 
and freedom of products other than those 
associated with the specific boundary demon- 
strate a very high degree of homogeneity of 
the purified material with respect to this 
method of study. The examination of other 
substances by this method has shown that 
such a degree of homogeneity has been evident 
only with solutions of a single molecular 
species. These results, together with the high 
sedimentation constant, indicate the purified 
material to be a high molecular weight protein. 

Further information of the physical nature 
and state can be obtained by examination in 
the Tiselius apparatus. For this purpose solu- 
tions containing 2.7 to 4.5 milligrams purified 
protein per cubic centimeter were studied (11) 
in the pH region from 3.78 to 7.7, the range in 
which the material is stable (2). In periods of 
514 to 23 hours, the protein particles migrated 
with a single very sharp boundary. The sym- 
metry and singleness of boundary and its 
sharpness or lack of spread revealed a degree 
of electrophoretic homogeneity which has 
been seen only with solutions of a few highly 
purified proteins. These results indicate a re- 
markable similarity in electrical properties 
amongst the individual protein particles and 
thus provide a second and strong indication 
for the molecular state of the protein. 

Evidence for the monodispersity of the pro- 
tein has been ‘seen in diffusion experiments. 
The rate of diffusion is a function of the size 
and shape of the protein particles. The shape 
of the diffusion curves is dependent on the 
degree of homogeneity. The experimental 
curves (8) observed here were of the shape of 
a gaussian normal error curve, revealing an 
ideal diffusion behavior and thus high uni- 
formity in the size and shape of the particles. 
The observed low diffusion constant, Do: = 
6.65 x 108, was again indicative of large 
molecular size. 

The relative viscosity of a protein solution 
is a function of particle shape and practically 
independent of particle size. Studies on solu- 
tions of the purified protein showed that the 
relative viscosity was a linear function of pro- 
tein concentration. This result is indicative 
only of normal flow and alone is not an index 
of the state of dispersion. On the other hand, 
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the shape factor evaluated from viscosity data 
agreed with that calculated independently 
from the sedimentation and diffusion data. 
In the face of this agreement, the viscosity re- 
sults can be considered additional evidence of 
homogeneity. 

The results of sedimentation, electro- 
phoresis, and diffusion experiments furnished 
evidence of a degree of monodispersity of the 
purified protein equal to that of the most 
homogeneous proteins studied. From a com- 
bination of diffusion with sedimentation and 
with viscosity data, the shape of the molecule 
is seen to be that of an oblate ellipsoid with an 
axial ratio of 11 if hydration is neglected. The 
density of the material is 1.323, which to- 
gether with sedimentation and diffusion data 
gives a value of 47,100,000 for the molecular 
weight. 


RELATION OF THE PROTEIN TO THE 
PAPILLOMA VIRUS 


These investigations have served, within 
the limits of the methods, to demonstrate the 
high state of purity of the isolated product and 
its existence in the molecular state. These 
tests are based on physical and chemical 
properties of the protein and serve to show 
that only one material is present. The prob- 
lem now becomes that of determining the 
relation between this purified protein and the 
virus. The causative agent of the growth is 
recognizable only by its biological behavior, 
and a correlation of the properties of the pro- 
tein with those of the virus can be accom- 
plished solely through biological response in 
animal experiments. Because of the recog- 
nized variation in animal work, the results of 
biological tests cannot be employed as esti- 
mates of physical and chemical homogeneity 
hut can be utilized for judgment of uniformity 
in behavior. Any correlation of the properties 
of the protein with those of the virus is de- 
pendent finally on the limits of the biological 
method employed. 

The chief biological property of the virus is 
infectivity or the capacity to induce lesions in 
the form of warts. It has consistently been 
found that infectivity is associated with the 
protein. In numerous experiments, the yield 
of purified material has been roughly propor- 


NATURE OF VIRUS ASSOCIATED WITH CARCINOMA J srx 


tional to the infectiousness of the wart ex- 
tracts from which it was derived. This is 
strikingly emphasized in comparing results of 
ultracentrifuging cottontail rabbit warts with 
those of similar procedures on domestic rabbit 
growths. Naturally occurring warts from 
most cottontail rabbits are usually highly in- 
fectious. On the other hand, infectivity is 
rarely seen with extracts of domestic rabbit 
growths. Despite ultracentrifugation of many 
liters of extracts of domestic rabbit growths, 
no high molecular weight protein has been 
seen. 

For studies on specific infectiousness asso- 
ciated with the purified protein, a special 
method has been developed (3) for its meas- 
urement with a relatively high degree of ex- 
pected accuracy. Employing nitrogen con- 
tent as an index of protein quantity, there has 
been found a linear relationship between the 
logarithm of protein amount and the incuba- 
tion period in days of warts induced with it. 
With this procedure, many samples of the 
protein have been found highly uniform in 
their degree of infectivity. The infectious unit 
of protein, in terms of that quantity of it re- 
quired to produce lesions at 50 per cent of the 
spots inoculated, is 10~***° grams (4). As a 
routine procedure, the volume of inocula has 
been o.1 cubic centimeter of protein solution. 
From the molecular weight it has been cal- 
culated that this infectious unit is comprised 
of an average of 56,800,000 molecules in 0.1 
cubic centimeter of inoculum. The uniformity 
of behavior is shown in the results seen with 
several different batches of material which 
have given infectious units of 107%, 198-285, 
10 *3, and 10~**® grams. These findings, as 
determinations of virus infectivity, are in ex- 
ceedingly close agreement. Another biological 
method used was complement fixation which 
gave results (6) of uniformity paralleling 
those with infectivity. Perhaps the most 
satisfying demonstration of uniformity is the 
quantitative nature of the serum-protein re- 
lations in the neutralization reaction (5). The 
constancy of the results is such that the reac- 
tion can be expressed mathematically with 
high accuracy. 

Further evidence is available of close rela- 
tionship between the protein and the papil- 
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loma virus. This is especially illustrated in 
parallel studies (2) on molecular stability of 
the protein and virus infectivity with respect 
to hydrogen ion concentration. Molecular 
stability is at a maximum between pH 2.9 
and 10. This is likewise the region of maxi- 
mum stability of virus infectivity. In solu- 
tions more acid than pH 2.9, the molecules 
disintegrate, as shown by analytical ultra- 
centrifugation, and here infectivity is lost im- 
mediately. In the alkaline range, however, 
infectivity is immediately lost at pH 10 where- 
as molecular disintegration begins quickly 
only at pH 10.2 or above. The isoelectric 
point of the protein is at pH 5.0 where the 
protein is insoluble. Here the protein pre- 
cipitates, and with it are carried the infectious 
qualities of the solution. 

The foregoing results serve to establish 
with reasonable certainty the identity of the 
purified papilloma protein and the papilloma 
virus. The experimental findings thus can be 
interpreted as describing the properties of 
this infectious agent. Elementary analyses 
(1) have shown the virus protein to contain 
carbon, 49.6; hydrogen, 7.2; phosphorus, 0.94; 
nitrogen, 15.0; and sulfur 0.22 per cent. There 
is present 6.45 per cent carbohydrate. The 
possibility of fat as a conjugated constituent 
is still not entirely clear. Early fractionation 
with small amounts of material gave 3.2 per 
cent lipoid. More recent investigation (18) 
has indicated a value of 1.49 per cent. Frac- 
tionation (18) has revealed the presence of 
nucleic acid to the extent of about 8.0 per 
cent. The nucleic acid is definitely of the 
thymus type, there being no detectable trace 
of ribose or yeast nucleic acid. 


EVALUATION OF STUDY 


In the experiments described, a specific 
material exhibiting the biological characters 
of the rabbit papilloma virus has been isolated 
from infectious extracts of growths from cot- 
tontail rabbits. This component of the 
growths fulfills the criteria of a homogeneous 
macromolecular nucleoprotein which may or 
may not contain a small quantity of con- 
jugated fat. The evidence thus far obtained 
indicates that this macromolecular material 
is the papilloma virus. 


For present interpretations, the results of 
these investigations of the causative agent of 
the rabbit papilloma are best considered in 
comparison with the findings on other filter- 
able viruses rather than other tumor agents. 
During the past few years, much attention has 
been given to studies on the isolation and 
properties of viruses, both those causing dis- 
ease in plants and those pathogenic to animals. 
In 1935 Stanley (15) announced the isolation 
of a high molecular weight protein from plants 
diseased with tobacco mosaic virus. This 
material, obtained by classical methods of 
chemical fractionation, is crystalline, and its 
identity with the virus of tobacco mosaic 
disease has been well established. Subse- 
quently, with access to the newly developed 
air-driven ultracentrifuge, numerous other 
plant virus proteins (16) have been isolated, 
and all thus far studied possess properties 
ascribable to entities existing in the molec- 
ular state rather than those to be expected 
of individuals classed as bacteria. Similar 
studies in the field of animal viruses have pro- 
ceeded much more slowly. It has been possible 
to concentrate and to purify to a considerable 
degree a number of these agents. Only a few 
have been procured in amounts and in a state 
suitable for study, namely, the elementary 
bodies of vaccinia (7), the rabbit papilloma 
virus and the agent of equine encephalomye- 
litis (12). The criteria for judging the nature 
of these 3 viruses, however, are not applicable 
to the same extent for each of the three. 
Chemical analyses of vaccinia elementary 
bodies have given fairly uniform results. 
Microscopic examination has been employed 
for interpretation of homogeneity of purified 
preparations, but the findings can hardly be 
considered quantitative and further provide 
no indication of the nature of the bodies. 
Numerous studies have been made on the 
bodies in the analytical ultracentrifuge, and 
those workers (14) having the widest experi- 
ence have reported spread in the sedimenting 
boundaries indicating lack of uniformity in 
particle size. The elementary bodies are not 
of a nature suitable for electrophoresis studies 
by the moving boundary method (14) and 
other tests have not been applied. The results 
as reported cannot be employed to place the 
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BEARD ET AL.:: 


bodies definitely in either the 
category of molecular or that of bacterial 
entities. Considerably better evidence is at 
hand of the nature of the equine encephalo- 
myelitis virus. Sedimentation diagrams (17) 
of the purified material show the sharp bound- 
ary of molecular substances. None of the 
data thus far obtained are incompatible with 
the view that this virus also is molecular. 

In striking contrast to the findings with 
these other animal viruses are those with the 
papilloma virus protein. Here many of the 
rigid criteria of the physical state of proteins 
in general are applicable, and in all instances 
the results have consistently demonstrated 
the homogeneity and the molecular nature of 
the protein. The papilloma protein is thus at 
least one animal virus which can be grouped 
with assurance with the macromolecular plant 
virus nucleoproteins. 


SUMMARY 

The isolation and properties of a specific 
material from virus-induced cottontail rabbit 
papillomas have been described. This ma- 
terial, which behaves biologically as the virus 
responsible for the disease, is a nucleoprotein 
obtainable in solutions of high homogeneity. 
Its physical properties with respect to sedi- 
mentation, electrophoresis, diffusion, and 
viscosity are those of a molecular substance. 
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The values obtained in such studies indicate 
a molecular weight of 47,100,000. With re- 
spect to the physical state, this animal virus 
falls into the same category as occupied by 
the macromolecular plant virus nucleopro- 
teins. 
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THE GENERAL SURGEON’S APPROACH TO THE PROBLEMS 
PRESENTED BY FRACTURES AND OTHER TRAUMAS 


WALTER ESTELL LEE, M.D., F.A.C.S., Philadelphia, Pennsylvania 


ROBABLY many question the need 

for a discussion of a subject which 

seems to have been settled for some 

time by the orthopedists and the pa- 
tients. In urban, most suburban, and even in 
the rural districts, the patients themselves are 
consulting the orthopedists directly for the 
treatment of fractures, thus short circuiting 
the traditional route via the general practi- 
tioner, the general surgeon, while, for the cor- 
rection of resulting permanent deformities, the 
orthopedist has a clear field. 

This is a general statement, and the prac- 
tice varies in different parts of the United 
States and Canada, but it would seem fair to 
say that it is only in the older parts of our 
land, in the regions where one finds the litter 
of antiques and traditions persisting, the gen- 
eral surgeon still has the undisputed privilege 
of treating fractures. If this is the trend of the 
times, is it right or wrong; and if wrong, what 
should or could be done about it by the gen- 
eral surgeon? 

Is the specialization of surgery rational, 
necessary, or in the best interests of the pa- 
tient? I feel sure we are on common ground 
when claiming that irrespective of our per- 
sonal interests it will be the welfare of the in- 
dividual patient which will, and should, govern 
the practice of medicine and surgery in the 
future. 

Some years ago I discussed this subject 
with Dr. Meeker, then dean of the Graduate 
School of Medicine of the University of Penn- 
sylvania, and from what I have already said 
you will understand my side of the argument. 
I was not convincing him by any means, and 
finally, a little heatedly, I asked if he would 
define a specialist. He quickly and positively 
replied, as he usually does, “a specialist is a 
surgeon or an internist who can and does one 
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thing well, and does it better than any one 
else.” Again upon my request for his defini- 
tion of a general surgeon, his answer came just 
as promptly as before, “a general surgeon is 
one who does not do any one thing particular- 
ly well.” 

The passing of time has softened to some 
extent my immediate resentment, so much so 
that I am offering his definition as a text for 
our consideration. 

You will note that Dr. Meeker said ‘does 
not do any one thing particularly well.’’ But 
he did not say “cannot.”’ This seems to me to 
open the way for our discussion. 

Is it true that the lay public (for Dr. 
Meeker is not a doctor of medicine, but a 
doctor of philosophy in biochemistry) agree 
that general surgeons do not do any one thing 
particularly well; and if so, why? Is this atti- 
tude toward fractures much different from 
that which they have toward other special- 
ties including: obstetrics and gynecology ; geni- 
tourinary surgery; neurosurgery; facial max- 
illary surgery; plastic; thoracic; and one of 
the latest diseases of the peripheral vascular 
systems? 

In many of the medical schools at the pres- 
ent time all these fields of surgery are being 
taught by specialists, not by the general sur- 
geons, and is it any wonder that the gradu- 
ate medical student, when he becomes a prac- 
titioner, refers his traumatic surgery, or at 
least his fractures, to the orthopedist? This 
being so, and if the orthopedist does not give 
as good service to the patient as the general 
surgeon, will this practice continue for long? 
I doubt it, for sooner or later the patient, or 
his family doctor, will properly evaluate the 
services received. 

By this indirect approach we come, to the 
crux of the situation, as expressed by Dr. 
Meeker. Does the general surgeon give to the 
fracture patient as good or better service than 
the orthopedist? I shall deliberately avoi:| 
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giving my answer to that question for the 
time being. 

The next question then: can he provide, as 
a result of his training and experience in gen- 
eral surgery, as good or better service than the 
orthopedist? I am positive that he can and 
should. 

My thesis, then, is: that the general sur- 
geon, because of his broad surgical training, 
should be able to compete successfully with 
the orthopedist in the care of trauma of the 
soft tissues, bones, and joints, but I have a 
feeling that he is not holding his own at the 
present time. 

Recently a new specialty has been develop- 
ing, that of traumatic surgery, composed of 
general surgeons who are interested in frac- 
tures, and orthopedists who are interested in 
the general problems of trauma. This may be 
the answer to the dilemma, for in such a group 
we find surgeons who are particularly inter- 
ested in the treatment of traumatic conditions, 
and orthopedists who are willing to admit that 
they need a much broader training in the 
care of trauma than is provided by a limited 
experience in the regional field of bones and 
joints. It may be that the surgeons of South 
America have already solved this quandary, 
for during a recent conversation with Dr. Juan 
M. Allende, professor of clinical surgery in the 
University of Cordoba, Argentina, he told me 
that the surgery of trauma in South America 
is carried on exclusively by specialists, and the 
specialty is known as the surgery of trau- 
matologia and orthopedia. 

My effort tonight will be to call your atten- 
tion to these changing conditions in the sur- 
gery of trauma in this changing world, and try 
to interpret them from the viewpoint of the 
general surgeon. 

Interest in major trauma is being constantly 
stimulated in these days by military, indus- 
trial, and automobile catastrophes. During a 
similar crisis, under the pressure of the first 
World War, improved methods of fracture and 
wound treatment were instituted. Some of 
these methods, in the original or modified 
form, were promptly incorporated into the ac- 
cepted lore of surgical treatment, while others 
have been discarded long since, for example, 
at the present time the elimination of Dakin’s 


solution from the United States Pharmacopeia 
is being discussed seriously. 

1. We are now faced with the probability 
of having to care for large numbers of war 
casualties, and it is apparent that in this war 
the surgical problems will be more complex 
than in the previous wars. The absence of 
well defined battle lines, and the use of air 
armadas and panzer units, which attack the 
civilian population over large areas of a 
country, spreads the casualties to the non- 
combatant population. In the present Euro- 
pean struggle it is reported that civilian casual- 
ties have been ten times more numerous than 
have military, as a result of the bombing and 
shelling of cities. There are new types of 
injuries, and the wounds caused by the modern 
high explosive shells and bombs, whose frag- 
ments have terrific velocity, tend to be massive 
and more devastating than the wounds of 
former wars. The blast injuries resulting from 
bombs of this type require attention which 
was not even suspected in the last war (Fig. 1). 
They result from a high pressure wave, which 
is immediately followed by a low pressure one, 
and the injuries usually take the form of 
capillary hemorrhages of the lungs (Figs. 2 
and 3), the liver, the spleen, intestines, ad- 
renals, and kidneys. 

2. A second reason for particular interest in 
the problems of fractures and trauma at this 
time is the increasing pressure being exerted 
by the economic front of the workmen’s com- 
pensation legislation. Methods of treatment 
which will insure the ultimate restoration of 
function in the minimum length of time are 
now demanded by the compensation boards 
and insurance companies. This has led to 
higher standards of reduction, fixation, and 
after-treatment of fractures. This trend is also 
directly responsible for more widespread em- 
ployment of open reduction and internal fixa- 
tion. Though internal fixation was strongly 
advocated many years ago by Arbuthnot 
Lane, the difficulties of the technique and the 
meticulous equipment in personnel and mate- 
rial incident to the proper attainment of this 
type of fixation discouraged its general use. 
Only recently have we realized the vital im- 
portance of the rigidity provided by internal 
fixation, which makes possible active motion 





516 SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 1. Wounds of the face resulting from high explosive 
bombs. (Courtesy of Mr. Broster.) 


of the affected extremity immediately after 
the operation. This ideal can now be obtained 
through the employment of the biplane fixa- 
tion which was devised by Clay Ray Murray 
of New York. 

As internal fixation became more generally 
practiced, it was quite evident that improve- 
ment was necessary in the type of metals used. 
The plates and screws became eroded and 
would lie loosely on the bone fragments. It was 
Venable and Stuck who demonstrated that 
this erosion was due to the electrolytic action 
of tissue fluids upon the metals. They claim 
that when any two dissimilar metals are used 
as fixatives in the same wound, an electrolytic 
process is set up between these metals in ac- 
cordance with the laws of electromotive force. 
Vitallium was proposed by them as a metal 
entirely inert to the effects of body fluids 
when not associated with any other metallic 
substance. As a result of this research vana- 
dium has been discarded as the standard metal 
for plates and screws, and in its place vitallium, 
or high-chrome low-nickel steel, or tantalum 
are now in vogue. 


3. Motor accidents provide the third need 
for increased interest in fractures and trauma 
tic wounds. More stringent traffic regulation: 
of all kinds are needed to stop this terribk 
waste. It is without question the responsibility 
of the medical profession, and surgeons in 
particular, to see that this evil is corrected 
Legislation, publicity, and the direct fostering 
of organizations such as the Red Cross, to 
gether with the guidance of state highway 
commissions in instructing laymen in_ the 
proper methods of administering intelligent 
first aid care to the victims of industrial and 
automobile accidents, are necessary to pro 
mote the interest of the laity in the subject. 

A sign encountered this summer while mo- 
toring through New England indicates the 
responsibilities which motor accidents are 
bringing to the rural physician and surgeon, and 
the economic burden being thrust upon com- 
munities, many of which are unequipped and 
financially unable to bear them. A large bill- 
board, was found at the entrance to the town, 
which read: “This town does not maintain a 
hospital, and motorists are warned that they 
should take every precaution to avoid acci- 
dents while driving through, for we are not 
equipped to take care of them.”’ This may be 
the easiest way out, but I am sure it will not 
be the final answer, even in that town. Nor 
should it be. 

During September, 1941, 3,777 persons met 
death as a result of motor accidents in this 
country. This was an increase of 14 per cent 
over the same period last year, and marks the 
fourteenth successive month to show an in- 
crease over 1939 and 1940. With 1941 three- 
quarters gone, the total killings have been 
27,860, which is a rise of 17 per cent over the 
fatality list for the same period of 9 months 
in 1940. 

After this brief consideration of some of the 
many special fields of knowledge which must 
be mastered in order to cope with the changing 
problems in the treatment of traumatic 
wounds and fractures, one might think that we 
had forgotten our original promise. On the con- 
trary, it is exactly because of the complexity 
of these problems that we believe that a gen- 
eral surgeon, employing the basic knowledge 
of the principles of surgery, should be better 
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Fig. 2. Low power view of lung of a woman killed in a 
steel shelter as the result of a ‘“‘near miss.””’ There was 
massive hemorrhage throughout the left lung. xX 58. 
(H.L. 3). (Courtesy of Mr. Broster.) 


fitted to arrive at a complete solution of them 
than are his more highly specialized colleagues. 


FIRST AID 


I feel sure no one will disagree with the 
statement that the first essential in treating a 
patient suffering from a fracture or trauma 
is to try to evaluate the condition of the pa- 
tient as a whole, and not to concentrate en- 
tirely on the local wound or deformity, imme- 
diate or final. Age, sex, physical development, 
nutrition, emotional status, all of these ele- 
ments and many more must be grasped at the 
same time as one prepares to administer proper 
first aid care. I say proper first aid care because 
—while the beneficial effects of such aid as 
immediate splinting of fractures or dressing 
of wounds is unquestioned—the methods of 
carrying out this first aid may be far from 
ideal. 

May I offer here the slogan which we advo- 
cated and taught to the lay public during the 
last war, and to Red Cross groups during the 
interval between the two wars, namely, when 
in doubt as to what you are dealing with, do 
nothing, and when you are not sure about 
what should be done, even though you know 
the indications, do nothing. Those of us who 
do not see these patients until after the ad- 
ministration of well intentioned first aiders 
know too well that the patient too often 
would have been in better condition if he had 


Fig. 3. Section of the lungs of a woman killed in an air 
raid. The casualty was extricated from the remains of her 
house, and autopsy revealed numerous hemorrhages in 
both lungs. The specimen has been stained with scharlach 
R (black regions) to demonstrate fat. X 58. (H.L. 5). 
(Courtesy of Mr. Broster.) 
been left alone and had not received the treat- 
ment given to so many of them. Dr. William 
Darrach has expressed this in a more schol- 
arly way: “In our early examination and 
treatment we should be guided and _ re- 
strained by our realization of the pathology, 
by the mental picture of what has actually 
occurred beneath the skin, and what may 
occur as a result of our first aid efforts.”’ 

Genileness is unquestionably the keynote of 
first aid care and must be rated above all 
other considerations in the management of 
severe accident cases. 

Hemostasis. In dealing with traumatic 
wounds it is frequently necessary to control 
hemorrhage. This is accomplished most easily 
and with the greatest safety by applying a 
pressure dressing. The latter should be firm, 
but not excessively so. Tourniquets are some- 
times required to control more severe hemor- 
rhage, but only as a last resort, and one must 
not forget that periods of release are required 
if the band remains in place for more than 30 
minutes. Gangrene is still too often the result 
of the application of tourniquets by con- 
scientious first aiders. 

Asepsis is secondary only to the control of 
hemorrhage in the primary treatment of open 
wounds. As a first aid measure the applica- 
tion of a sterile or mechanically clean dressing 
is the best safeguard against infection. Anti- 
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TABLE I.—SHOCK 


Cause Treatment 
NE oo occ calsince ple anibas ... Transfusion 
Dehydration............ eee 
, eee oe ........Morphine 
a rene ...Warmth 
| an Te .. Reassurance 
Asphyxia........ .Oxygen 
Exhaustion....... .. Rest 


(Courtesy of Dr. Norman E. Freeman.) 


septics probably do more harm than good 
when introduced into a potentially infected 
wound. Cleansing of the skin area around the 
wound should be left for the operating room 
inasmuch as proper solutions and the facilities 
for using them will probably not be available 
at the locus of the injury. 

Simple methods. There is a tendency among 
general surgeons who treat many traumatic 
wounds to utilize relatively simple and con- 
servative methods. Soap and water cleansing 
of the skin surrounding a wound and irrigation 
of the wound proper with normal saline solu- 
tion or sterile water should be used more often 
than complicated antiseptic skin preparations 
and antiseptic irrigants. Wounds of soft parts 
of the extremities should be splinted, not only 
to prevent pain and hemorrhage, but also to 
discourage the spread of contaminating bac- 
teria. 

What appears now to be an epochal contri- 
bution in the control of infection in traumatic 
wounds is the experimental work of Trueta, 
which was undertaken with the object of ex- 
plaining the localization of wound infection 
when the traumatized tissues were primarily 
immobilized in plaster. In two series of dogs, 
one being used for control and the other for 
experiment, the extremities in both groups 
were traumatized, the soft tissues lacerated, 
and the bones fractured. The injured tissues 
were then inoculated with the Bacillus welchii 
perfringens and hemolytic streptococci. Fol- 
lowing this the wounds were filled with sul- 
fanilamide powder and packed open with vas- 
eline gauze. In the control group the trau- 
matized extremities were not immobilized, 
while in the other group they were encased in 
plaster casts. 

In the control group every animal died from 
a gas bacillus infection within 3 days, while 
in the other group no deaths occurred. Tru- 





eta explained this by the fact that the im- 
mobilization of the soft tissues resulted in 
stagnation of the lymphatic circulation. In 
the tissues of the animals examined after 
death he found, in the group with freely 
moving extremities, the previously injected 
bacteria or their offspring had entered the 
blood stream within 24 hours after receipt of 
the injury. In the group in which the tissues 
had been immobilized, the organisms re- 
mained within a short distance of the trau- 
matized tissues but had not entered the lumen 
of the blood vessels. 


FRACTURES 


In the treatment of fractures the simplest 
technique which will afford adequate reduc- 
tion and complete immobilization should be 
chosen. Open reduction with internal fixation 
is recognized as an ideal procedure for the 
treatment of simple fractures, but should be 
reserved for exceptional cases. Furthermore, 
unless one has occasion to practice open re- 
duction with internal fixation frequently, we 
believe it is better not to attempt this proce- 
dure. It is usually not performed successfully 
by the occasional operator. 

In summary we will repeat that our en- 
deavor in treating traumatic wounds is to 
avoid intricate or cumbersome techniques and 
to adhere carefully to the fundamental prin- 
ciples of gentleness, hemostasis, asepsis, and 
immobilization. 

It may be well to insert at this point a word 
about one phase of the treatment of fractures 
and traumatic wounds which has troubled the 
surgeons who form the Fracture Committee 
of the American College of Surgeons, namely, 
the need for an educational program aimed at 
improvement in the care of trauma of all 
kinds. 

Such a program must have its origin in the 
medical schools, where more emphasis should 
be placed upon the recognition and manage- 
ment of various types of fractures and trau- 
matic wounds. Furthermore, medical stud- 
ents should be taught to recognize the types 
of cases which they will not be qualified to 
handle as general practitioners and which 
should be referred to one specially trained in 
surgery. In order to accomplish these aims 
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more time must be allowed by the schools for 
the teaching of traumatic surgery, and fresh 
material of this sort should be made available 
to the students. As far as we know, Dr. Gallie 
of the University of Toronto was among the 
first to recognize this need and to make an 
effort to meet it. 

The important elements of this subject can- 
not be learned in lectures and in dry clinics 
by viewing the bandaged wounds and splinted 
extremities. Students must see, and partici- 
pate, if possible, in the whole procedure from 
the time the patient enters the hospital until 
his wound or fracture has been treated and he 
has been put to bed on the ward. In hospitals, 
internes and residents require special instruc- 
tion in this field, and this can be made possi- 
ble by spending a specified time on a trau- 
matic service. The special value of a trau- 
matic service has been proved to our satis- 
faction, and in such a plan the traumatic 
cases are segregated into special wards and 
cared for by a group of nurses and attendants 
specially trained in handling the equipment 
and problems incident to fractures and major 
injuries. Probably this ideal cannot be 
achieved generally because of the financial 
outlay which it entails. However, it is usually 
possible, at least, to practice a modified ver- 
sion of the idea by having traumatic cases 
under the care of the same surgeon or group 
of surgeons continuously for a period of 6 
months, or preferably a year. In this way the 
plan of treatment undertaken is not as likely 
to be interrupted as when the direction of the 
service is changed at shorter intervals. Upon 
discharge from the hospital it is also advan- 
tageous to have the same team to carry on in 
the out-patient department. Both fractures 
and major traumatic wounds are treated in- 
telligently only if they are followed carefully 
for prolonged periods after discharge from the 
hospital. The results of epiphyseal injuries, 
shortening or tilting of long bones, restoration 
of joint function, and contraction of scars, to 
mention only a few instances, cannot be eval- 
uated fully until at least one year after the 
actual treatment has ceased. Such an organi- 
zation may seem cumbersome and unwar- 
ranted to those who have not seen it in action. 
This may be true for a short time after its in- 


TISSUE TRAUMA 
Injuries, burns, 
beige 
lecal anaxia f 
ortega 
or? £0 
(akc INCREASED 
” CAPILLARY 
PERMEABILITY 


Loss ef plasma 


t segregation of 
__ General red cells 
tissue anoxia 


Hemorrhage, 
Dehydration 
Exudation 


REDUCED REDUCED 
BLOOD FLOW SHOCK BLOOD VOLUME 
Vasoconstriction 
Reducea 
blood pressure 
TRAUMATIC STIMULI PRIMARY 
cold, pain fear SHOCK 


Fig. 4. Courtesy of Dr. Norman E. Freeman. 


ception, but once established the results are so 
greatly improved that the satisfaction to both 
the patient and the surgeon is a sufficient 
stimulus and compensation to keep it running 
smoothly. 

Undoubtedly one of the most perfect dem- 
onstrations, not only of the possibilities but 
also of the efficiency that can be obtained by 
the specialization of the surgery of trauma 
and fractures, is to be seen in the fracture 
service of Darrach and Murray at the Medi- 
cal Center of Columbia University in New 
York. In referring to such an ambitious plan 
for the teaching of undergraduate, graduate, 
and postgraduate surgery of this type, one 
must pay homage to this contribution to the 
problems of traumatology. 

Time will not permit of an exhaustive dis- 
cussion of the many interesting phases of this 
subject. However, we have chosen three, 
namely, shock, burns, and compound frac- 
tures, for more detailed consideration. 


SHOCK 


In the discussion of shock the general sur- 
geon must always define his understanding of 
the pathology of the process in order to justify 
the type of treatment used (Table I, Fig. 4). 
We subscribe to the now generally accepted 
theory that shock is caused by one, or several, 
or all of a group of factors operative at the 
time of the injury. These factors are hem- 
orrhage, dehydration, pain, cold, fear, asphyx- 
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ia, and exhaustion, as outlined by Freeman. 
The total effect of this phenomenon is to pro- 
duce tissue anoxia which gives rise to abnor- 
mal capillary permeability. Consequently 
there follows a loss of blood plasma, a dimin- 
ished blood volume, lowered blood flow, blood 
stasis in the capillaries, and finally, a greater 
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degree of anoxia of the tissues. In this manne: 
a vicious circle is established which can b« 
broken only when the proper treatment is 
administered. 

Treatment of this condition, up to very 
recent times, consisted of relieving the ob 
jective symptoms by means of well known 
methods. 

About 10 years ago the intravenous in- 
fusion of saline and glucose was added to th« 
armamentarium. This resulted in a tempo- 
rary rise in the blood volume and blood pres 
sure which was not sustained because the fluid 
left the leaking capillaries almost as fast as it 
was introduced, and carried with it the vital 
serum protein, so that the harm which was 
done was not only passive but was likewise 
active (Fig. 5). 

Following this routine use of saline and 
glucose, whole blood was infused into veins in 
order to raise and maintain for a length of 
time the flagging blood pressure. It is true 
there are definite indications for the use of 
whole blood in shock, particularly when it is 
associated with hemorrhage, but the difficulty 
in performing transfusion into the collapsed 
veins of the shocked state have been ex- 
perienced by every surgeon. In this connec- 
tion we wish to call attention to the recent 
work of Tocantins, in Philadelphia. During 
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Fig. 6. Illustration of the distribution of the dye in theretrosternal veins, and the 
location of the needle during the injection. (Courtesy of Dr. L. M. Tocantins.) 
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the stage when fluids are most urgently needed, 
the physician is left without ready access to 
the central portion of the circulation because 
of the collapse of the peripheral veins as a 
result of shock. It occurred to Tocantins 
that under such conditions the bone marrow 
offered the ideal site for the introduction of 
fluids until the patient reaches such a stage 
that the peripheral circulation is restored and 
access to the veins is again possible. Since the 
marrow veins are surrounded by a rigid en- 
velope, they are less likely to collapse, and 
probably can withstand forcible injection, 
without overdistention and leakage, better 
than the poorly supported peripheral veins. 
Further, substances injected into the bone 
marrow cavity are taken up almost immedi- 
ately into the venous circulation and appar- 
ently unchanged (Fig. 6). 

‘“‘We have experimentally demonstrated this 
by the injection of dye into the marrow of the 
sternum of a cadaver and found that it rap- 
idly appeared in the right auricle. The com- 
paratively short distance between the sternal 
marrow and the right side of the heart makes 
this possible. The rapid introduction of fluid 
into this side of the heart may, therefore, help 
to restore the cardiac output during the phase 
of acute peripheral failure, by increasing the 


(Needles made by the George Pilling Co., 


Phila- 


volume of the blood returning to the central 
portion of the circulation.” 

Tocantins needle (Fig. 7). After the needle 
has been inserted through the cortex and the 
marrow has been obtained by aspiration, the 
syringe containing the material to be adminis- 
tered is connected with the needle and the 
material is injected as fast as the resistance 
offered to it will allow. In conscious patients, 
if the fluid is injected at a rate greater than 10 
cubic centimeters a minute, there is usually a 
feeling of fullness in the sternum which, how- 
ever, passes off immediately upon cessation of 
the injection. By using a two-way valve, one 
side connected by rubber tubing to the con- 
tainer of the fluid and the other leading from 
the valve into the sternal needle, it becomes 
unnecessary to remove the syringe from the 
sternal needle every time it has to be filled. 
In some instances, in which a more rapid rate 
of injection is desirable, two needles can be 
introduced into the sternum, one at either 
end, and since the marrow cavity of the manu- 
brium and the marrow cavity of the sternum 
seldom communicate, it is possible to inject 
material through one orifice without it coming 
out of the other. This method can be used 
for the administration of any type of medica- 
ments to patients with acute circulatory fail- 
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Fig. 8. Illustration of the shifting of the plasma volume 
in a series of burns which received local treatment only. 


ure, and it has been found to be much more 
efficient than when the material is injected 
by other routes. 

In the 72 cases in which this method was 
used by Tocantins, no untoward reactions of 
any kind were experienced. 

But there are definite contraindications to 
the use of whole blood transfusion to combat 
shock which are readily understandable if one 
accepts the etiology of shock as outlined 
here. Whole blood infusions will provide an 
increase in blood volume, but they also supply 
an element which is detrimental in shock; the 
red cells which when added to the circulation 
serve to increase the viscosity of the blood and 
thus cause greater capillary stasis. This in 
turn brings about a greater degree of anoxia 
and increases the capillary permeability. To 
put it briefly, whole blood transfusions are 
contraindicated in shock because they tend to 
exaggerate the existing hemoconcentration. 
Hemoconcentration, however, may be absent 
and not marked when shock is associated as 
the result of hemorrhage. 

The search for a substitute for whole blood, 
which would raise the blood pressure by in- 
creasing the blood volume without increasing 
hemoconcentration, was terminated happily 
when the use of blood plasma was suggested. 
As early as 1927 Strumia first advocated the 
use of blood serum in shock treatment, but 
adverse reactions, since found to be due to the 
absence of the fibrin fraction, caused serum to 
fall into disrepute. Then in 1929 he found 
that plasma was equally effective in combat- 
ting shock and did not give rise to reactions. 
Ten years were to pass before the plasma 
transfusion was widely accepted and em- 
ployed in shock treatment, but now this ther- 
apy is well established. It has stood the test 
of the demands of war surgery and answers 
the physiological requirements of the damaged 
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Fig. 9. Comparison of the duration of the shifting of the 
plasma into the perivascular tissues. Above, When local 
treatment only was used. Middle, when local treatment 
and blood transfusions were used. Below, when local 
treatment, blood transfusions, and adrenal cortical extract 
were used. 


tissue. Plasma dilutes the concentrated blood 
of the capillaries and tends to remain in the 
vascular bed better than any other materia] 
thus far used. 

The history of the production of plasma for 
infusion in shock states is interesting but too 
lengthy for consideration here. The prepara- 
tion of plasma from citrated blood is now 
accomplished both by centrifuging and by the 
simpler natural settling process. After prep- 
aration the plasma is probably best used in 
its liquid form, although dried and frozen 
types of plasma are available. One other in- 
teresting development has arisen from this 
plasma industry. Plasma, once an incidental 
dividend of the blood bank system, has now 
become the capital of that system. The de- 
mand which is made for plasma is now com- 
monly stated as being four times that for 
whole blood. 

When the use of plasma in the treatment of 
shock was generally established, it became 
necessary to discover some way of testing 
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Fig 10. Interference with the circulation of the hands and digits following the use of tannic acid in the local 


treatment of severe burns. 


clinically for the presence and degree of shock 
in order to determine the dosage. The labo- 
ratory tests devised for this purpose consist 
of the usual hemoglobin and hematocrit de- 
termination and red blood cell counts. From 
a consideration of these figures the state of 
hemoconcentration may be determined. 

More recently these values have assumed 
added importance in that with them one can 
compute by means of a simple formula the 
amount of plasma lost. Thus replacement of 
plasma is removed from the realms of un- 
certainty and carried out on a definite volume 
basis. An example of such a formula is that 
of Black which is given as follows: 


HB 5 








100 5-X 


HB is the observed hemoglobin 
X is the plasma lost in liters. 


This formula has been criticized from the 
point of view that it fails to take into account 
the fact that the hemoglobin may be very low 
in shock associated with hemorrhage in which 
there occurs a compensatory dilution of the 
blood. However, the formula has been of 
great value in emergencies and especially in 
war conditions when one cannot wait for or 
obtain more complicated tests. If the formula 
cannot be recalled it is a safe rule to give 
plasma to any patient in a shock state when 
the hemoglobin is found to be above 100 per 
cent. 

When laboratory facilities are available for 
determining the hematocrit and plasma pro- 
tein concentrations, we have found the fol- 
lowing formula devised by Elkinton, Wolff, 


and Lee to be more accurate than that of 
Black. 

For calculating this quantity, the authors have proposed 
the following formula: 


Plasma protein requirement in grams = 3.5 W— 
W (100-Ho) Hn Po 


2 (100-Hn) Ho 
W 





body weight in kilograms. 


Hn = normal hematocrit value, per cent cells. 
Ho = observed hematocrit. 
Po = observed plasma protein. 


If the plasma protein requirement in grams is multi- 
plied by 14 the required volume in milliliters of plasma is 
obtained. 





Fig. 11. Second and third degree severe burns of the 
forearms and hands, treated with tannic acid, on the right, 
and with triple dye, on the left. 
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Fig. 12. Illustration of the total number of amputations performed yearly at the 
Pennsylvania Hospital before and after the introduction of Listerism. 


Our final thought regarding shock concerns 
the use of adrenal cortical hormone in shock 
therapy. The work of Wolff, Rhoads and Lee 
suggests that cortin in the form of eschatin 
has a beneficial effect in combatting the sec- 
ondary shock encountered in severe burns. 
This effect is experienced only when adequate 
plasma is given by infusion at the same time. 
It is believed that the eschatin does not in- 
crease the plasma volume per se, but that it 
acts by reducing the permeability of the cap- 
illaries so that plasma leaks from them less 
rapidly. Since this therapy is effective in 
shock produced by burns, we believe that it 
would also be beneficial in secondary shock 
caused by other trauma. We plan to use 
eschatin along with plasma in all cases of 
traumatic shock encountered henceforth. 


BURNS 


Extensive superficial burns present an espe- 
cially complicated problem for the traumatic 
surgeon. Usually the patient is suffering from 
secondary shock when he is first seen. As the 
great majority of burn deaths are still due to 
this cause, treatment must first be directed 
toward the prevention and replacement of 


plasma volume. In the past it was estimated 
that 80 per cent of the mortality from burns 
occurred during the first 7 days. The fact that 
but 1 of 40 consecutive patients, in whom we 
used plasma and cortical extract, has died in 
this period would seem to suggest the former 
mortality rate is now unjustifiable. However, 
as the later course of the patient will be largely 
conditioned by the amount of infection which 
develops, it is also of vital importance to pro- 
tect the patient from contamination by the 
immediate use of aseptic precautions (Fig. 8). 

Experience has shown that large trans 
fusions of plasma in the early stages accel- 
erate the rate of plasma loss so that a slow 
infusion is mandated during the early stages. 
Without the administration of adrenal cortical 
extract, large infusions were for the most part 
passed into the perivascular tissues of the pa 
tients studied at the Pennsylvania Hospita! 
during and up to the goth hour after receipt 
of burn. In the recent cases that were treated 
with adrenal cortical extract in addition to 
plasma it was possible to use large infusions 
effectively between the 18th and 24th hours 
so that the hematocrit could be restored to 
normal at this early time (Fig. 9). 
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Fig. 13. Illustration of the influence of antisepsis and asepsis and the total number 
of operations performed at the Pennsylvania Hospital before and after the introduc- 


tion of Listerism. 


The local treatment of burns, after a long 
period of standardization with tannic acid, is 
again in a state of flux. Current opinion sug- 
gests that tannic acid is satisfactory for burns 
of flat, relatively immobile surfaces, but that 
it should not be used on the face, hands, or 
feet because of the danger of circulatory in- 
terference if the eschar completely encircles 
the digits or extremities (Fig.10). On the lat- 
ter gauze packs saturated with normal saline 
solution, well padded and held in place by 
circular pressure bandages, seem to be more 
satisfactory, according to Koch and Mason. 
In our experience powdered sulfonamides have 
proved of value in controlling infection of gran- 
ulating surfaces preparatory to grafting (Fig. 
It). 

Regarding skin grafting we would like to 
emphasize the necessity for early grafting. 
Whether the skin defect has resulted from a 
burn, or another traumatizing agent, every 
effort must be made to replace the lost skin as 
soon as possible; that is, as soon as the granu- 
lating tissue base is surgically clean, but not 
necessarily aseptic. 


The best type of graft for general use is the 
split graft provided by the Padgett derma- 
tome. This ingenious machine demands care- 
ful attention to details in its manipulation, 
but when its use has been mastered the grafts 
obtained warrant the time required to acquire 
the technique. Its chief advantages are the 
ability to deliver a graft of the exact thickness 
and size required, and also to deliver grafts of 
uniform thickness throughout. These are at- 
tributes not achieved by the most expert 
advocates of razor grafts. In cases in which it 
is difficult to obtain sufficient skin to cover the 
entire area, we are inclined to use pinch 
grafts, usually of the type suggested by Staige 
Davis. This type of graft will invariably 
grow almost uniformly, and thus hasten the 
epithelization of an infected field. But these 
grafts usually are not followed by as good 
cosmetic results as are the split grafts of 
Padgett. 

When one has a clean base, and when the 
thickness of skin is important, the full thick- 
ness graft is ideal. This type of graft when 
used as a free transplant is the most difficult 
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to apply successfully, and, when applied, as 
one of the various pedicle or flap grafts, the 
procedure is lengthy, but the chances of suc- 
cess are improved. From a cosmetic standpoint 
the full thickness skin graft cannot be sur- 
passed. 

COMPOUND FRACTURES 

Every compound fracture is potentially in- 
fected and, therefore, must be treated as 
though actually infected. This statement will 
not be questioned as regards grossly dirty 
wounds, but in cases of wounds with no ex- 
ternal evidence of contamination there is dis- 
agreement from some quarters. Without being 
certain of the cleanliness and asepsis of the 
buried fragments it is too often assumed that 
the innocuous looking wound of the skin will 
heal satisfactorily and the lesion is treated as 
a simply fracture. The occasional wound of 
this type which becomes infected is responsi- 
ble for the bad reputation of compound frac- 
tures. Tinker, quoted by Kennedy, stated the 
problem very aptly in t90g—‘“*The most im- 
portant consideration in the management of 
compound fractures is still the wound of the 
soft parts. If our wound is aseptic, tetanus 
and blood poisoning are impossible; bony un- 
ion and a movable joint are favored; osteo- 
myelitis will not develop; and a useful, if not 
perfectly normal extremity will usually be 
saved.”’ 

As a diversion for a few minutes perhaps you 
will allow me to offer two illustrations which 
will help to date the period to which Tinker 
and Kennedy make reference in the previous 
statement. 

I was asked by the late Dr. Astley P. C. 
Ashhurst, during the year of the bicentennary 
of the introduction of Listerism into surgical 
technique, to determine, if possible, and to 
illustrate by means of graphs, the effect of 
asepsis and of antisepsis upon the surgical 
practice of the Pennsylvania Hospital in 
Philadelphia. 

At the Pennsylvania Hospital we have con- 
tinuous records of every patient from the 
time of its opening, in 1751, to the present. 
This is not even possible in the Royal Infirm- 
ary at Glasgow, where the work of Lister was 
first carried out. The records of his work in 


their wards have been destroyed. 





With this type of record, and fairly con- 
stant factors, before and after statistics ob- 
tained from such a source should be of pecul- 
iar value. 

Figure 12 shows the influence of antisepsis 
and asepsis on the number of amputations per- 
formed at the Pennsylvania Hospital before 
and after the introduction of Listerism. Fig- 
ure 13 shows the influence of these two sur- 
gical principles on the total number of opera- 
tions in the hospital during these periods. 

Could a better statistical experiment be 
provided to demonstrate that the prophylaxis 
of wound infection is the prime concern of the 
general surgeon in the treatment of compound 
fractures. The best method of prophylaxis is 
thorough débridement before contaminating 
organisms establish infection which means 
that débridement should be performed within 
6 hours after the time of injury. In a few 
selected cases it may be possible to débride 
successfully as late as 10 hours after contam- 
ination occurs but every minute saved is 
added insurance against infection. We must 
impress upon our colleagues that minutes 
spent in the hospital preparing for operation 
are just as precious as those that were spent 
in transportation of the patient from the site 
of accident to the hospital. Therefore, we 
should strive to organize the various hospital 
services so that the care of compound frac- 
tures will be given priority over that of all 
other operative cases. 

The methods of débridement are well 
known, but a few remarks to emphasize cer- 
tain points of technique may not be amiss. 

The use of antiseptics, regardless of their 
innocuousness, should be confined to the skin 
surrounding the wound. Antiseptics should 
never be applied to the wound proper. Normal 
salt solution is the strongest solution which 
should be allowed to touch the exposed tissues. 

Cultures of the wound, both aerobic and 
anaerobic, should be taken routinely at the 
time of the débridement if laboratory facili- 
ties exist. In addition some surgeons advo- 
cate taking smears to be examined during the 
course of the débridement for the immediate 
detection of gas bacilli. 

All compound wounds should be irrigated 
thoroughly with normal salt solution during 
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aid after débridement. After the final irriga- 
tion they should be dusted evenly with one of 
the sulfonamide powders. Recently we have 
used sulfanilamide for this purpose and no ill 
elfects in the local lesion have been noted 
although several patients have shown rather 
marked toxic effects of a systemic nature. It 
is claimed that sulfadiazine can be adminis- 
tered in much larger does than any others of 
the group without causing toxic manifesta- 
tions. It is excreted slowly and consequently 
we have unintentionally achieved higher con- 
centrations in the blood than needed. In one 
case in which the concentration reached 21 
milligrams per cent there were slight toxic 
symptoms which ceased when the blood level 
fell to ro milligrams per cent. Whichever drug 
is used in the wound it should also be given by 
mouth as soon as the patient is able to take 
oral nourishment, in order to maintain the con- 
centration in the blood at the optimum level. 

On the question of wound closure we stand 
firmly with the conservatives. The soft tissue 
wounds of al] compound fractures are packed 
wide open with vaseline gauze. Primary su- 
ture would doubtless succeed in many cases. 
However, because of the horrible results— 
osteomyelitis, amputation, or death—which 
may occur in wounds which become infected 
after primary closure, it is our opinion that 
it is not fair to expose the patient to a risk 
such as this. 

Accurate reduction and complete immobili- 
zation are important. The time for reduction 
of compound fractures is at the time of the 
débridement. Most reductions can be ac- 
complished under direct visualization and in- 
strumental manipulation of the fragments 
while the soft part wound is open. There is 
thus no excuse for inaccurate reduction. 

Fixation of compound fractures is possible 
by several methods. 

When a nonpadded plaster casing will hold 
the fragments adequately this is probably the 
best and safest type of fixation. It introduces 
no foreign material into the field of operation 
or into the proximal or distal portions of the 
atfected extremity. Because no special equip- 
ment or techniques are required this type of 
lixation is the one best suited to the occasional 
cperator. 
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A more positive scheme for maintaining 
rigid fixation is the two pin transfixion method 
advocated by H. Winnett Orr. A pin or wire 
is driven through the proximal fragment and 
another through the distal fragment. By 
means of traction and countertraction on an 
orthopedic table, or on one of the special dis- 
traction apparatuses, the length and rotation 
of the affected bone are restored. Then while 
the pins or wires maintain the reduced posi- 
tion a plaster casing is applied which incor- 
porates the pins or wires by means of which a 
more rigid fixation than can be attained with 
simple plaster casing is effected. 

Perhaps the ideal method for maintaining 
reduction in compound fractures as well as in 
simple fractures is by means of biplane in- 
ternal fixation performed simultaneously with 
débridement. This type of fixation must be in 
two planes to be effective. Frequently, the 
plates or screws must be removed before heal- 
ing of the fracture has occurred because of in- 
fection. However, in many cases it is possible 
to succeed in avoiding infection as a result of 
the rigidity afforded by internal fixation, and 
the fragments will unite just as rapidly as 
do simple fractures which are treated in a 
similar manner. 

We cannot leave this subject without men- 
tioning the excellent work of Trueta in the 
recent Spanish War in his treatment of com- 
pound fractures by the Orr method. His 
monograph we recommend to every surgeon 
practicing in the field of traumatology. The 
theme which he emphasizes is that for war 
wounds the needs are débridement and com- 
plete rest of the tissues immediately following 
operation and during transportation, and in- 
frequent dressings. The best way to afford 
such conditions is by means of a plaster cas- 
ing. He treated 1,072 cases of open fractures 
of limbs by the typical Orr method. There 
were 6 deaths and 976 good results. This is 
the most convincing evidence which has as 
yet been offered for the excellence of this 
type of treatment. 


CONCLUSION 


In conclusion, we feel sure that most gen- 
eral surgeons will claim that they are fully 
able to provide such service as we have out- 
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lined, and the majority will feel that they do 
give such service. But do they carry this serv- 
ice as far as the orthopedists in their routine 
care of fractures? I refer to the painstaking, 
personal follow-up, not only in the hospital, 
but for months and years after the patient 
leaves. Is the general surgeon’s aim—once 
a patient, always a patient? In other words, 
does he feel the responsibility for complete, 
or as nearly complete, rehabilitation as can be 


provided through the routine use of multiple 
operations, gymnastics, the swimming pool, 
physical therapy, and above all, occupational 
therapy? Is he as interested in the surgery of 
trauma as in that of the abdomen? If not, I 
am sure that patients in the future will not 
choose him in preference to the surgeon or an 
orthopedist who is. The question is not 
whether he can give the best service to such 
patients, but as Dr. Meeker queried, will he? 
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A CRITICAL SURVEY OF TEN YEARS’ EXPERIENCE WITH 
FRACTURES OF THE NECK OF THE FEMUR 


MATHER CLEVELAND, M.A., M.D., F.A.C.S., New York, New York 


URING the decade extending from 

1930 to 1940 the fact that patients 

with fractures of the femoral neck 

may be rehabilitated in surprisingly 

large numbers gained wide acceptance. The 

enthusiasm which greeted this novel idea re- 

sulted in a vast array of techniques with rela- 

tively few careful analyses of the results at- 

tending the use of these various means of 
treatment. 

This study of 110 fractures of the neck of 
the femur treated at St. Luke’s Hospital dur- 
ing this period is an attempt to subject our 
experience to critical analysis and to dwell on 
our vicissitudes as well as our achievements. 
Ad astra per aspera, the motto of the state of 
Kansas, might serve as a text. 

The first 50 of these patients treated during 
the first half of the decade have been pre- 
viously reported, but they will be mentioned 
for contrast and to allow us to correct certain 
misconceptions which inexperience led us to 
postulate (1). These original 50 patients were 
treated by manipulation and application of 
plaster of Paris spica bandage or traction in 
a few instances. 

In 1935 our first internal fixation of a frac- 
ture of the neck of the femur was performed. 
We adopted the three phlange nail devised by 
Smith-Petersen (4) and have never found any 
fixative agent to equal it. The metal used was 
originally stainless steel, but since 1938 we 
have used vitallium. 

Smith-Petersen’s open operative reduction 
and fixation of these fractures was followed in 
14 patients, but the results were so disap- 
pointing that it was abandoned. It is to be 
hoped that other surgeons will in time publish 
their experiences with open reduction and in- 
ternal fixation of these fractures. During this 
period of experimentation, we had 8 undis- 


From the Orthopaedic Service of St. Luke’s Hospital. 

Presented in the Symposium on Fractures and Other Traumas 
lefore the Clinical Congress of the American College of 
-urgeons, Boston, November 3-7, 1941. 


placed fractures of the neck of the femur, and 
since we had previously satisfied ourselves 
that these invariably did well if they were pro- 
tected, we merely kept them in bed 4 to 5 
weeks and then allowed them up with a 
Thomas caliper splint with pelvic band and 
crutches. These patients have results that are 
in every way perfect. 

Following our extremely unsatisfactory ex- 
perience with open reduction, we turned in 
June, 1938, to closed reduction and internal 
fixation, and since that date 38 patients have 
been treated in this manner with results which 
are greatly improved from every standpoint. 


REDUCTION OF THE FRACTURE 


In reporting the first 50 patients treated 
without surgery and in the light of a very 
meager experience with open reduction, the 
following conclusion was reached. ‘The 
chances of getting bony union with a useful 
hip may be greatly enhanced by open reduc- 
tion, derotation of the femoral head where 
rotation exists, and internal fixation.” This 
expression of opinion, backed up with but lit- 
tle experience, is quoted to reaffirm what now 
seem the important factors, namely, reduction 
of the fracture and internal fixation. If the 
fracture is reduced, such rotation of the head 
fragment as existed has been overcome. 

The reduction of these fractures is by no 
means as simple as it sounds. It would seem 
that open reduction should guarantee the end 
to end apposition of the fragments, but with 
the instability occasioned by the dissection of 
the ligaments of the joint almost 50 per cent 
of these fractures so treated displaced during 
the process of nailing. 

With closed reduction (3) the situation was 
greatly improved at once. There were 38 pa- 
tients treated with closed reduction and in- 
ternal fixation, and of these, 26, or 68 per cent, 
were practically perfectly reduced, and 6, or 
16 per cent, were reduced so that the bony 
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Fig. 1. Closed reduction, end-to- 
side nailing; union with aseptic 
necrosis of femoral head. M. B. 
St. Luke’s No. A 15700. Female 
59 years old. Fracture of neck of 
right femur March 3, 1939. Re- 
duced and nailed end-to-side shown 
ina and b. End-result 18 months 
after operation, marked aseptic ne- 
crosis of the femoral head, nail re- 
moved shown in c and d. 





apposition was 75 per cent or better, and 6, 
or 16 per cent, of these fractures were not 
reduced. 

Of the 26 patients who had their fractures 
perfectly reduced, 22 survived and all of these 
had their fractures united, with excellent 
range of motion in the hip and few if any 
residual symptoms. Of those 6 patients who 
had 75 to 80 per cent apposition of the frac- 
tured surfaces, 5 survived and united, but 2 
of these showed circulatory disturbance in 
the femoral head and all 5 had malunion 
with resulting deformity. 


FAILURE TO REDUCE THE FRACTURE 


It seems incredible, but the fact remains 
that one-half of the fractures treated by open 
reduction were not reduced when the nail was 
finally driven and the operation was com- 
pleted. Since closed reduction has been prac- 


ticed, there have been 6 patients in 38 whose 
fractures have not been reduced. The reasons 
for these failures to secure reduction are worth 
recording in the 5 survivors. 

1. A patient of 70 years of age whose reduc- 
tion was attempted 10 weeks after injury and 
the fragments could not be mobilized. Non- 
union resulted. 

2. A patient of 70 vears of age whose frac- 
ture, after repeated attempts, could not be 
reduced. Satisfactory roentgenograms were 
not obtained. Two weeks later a trochanteric 
osteotomy was performed, and the patient has 
a useful hip. 

3. Two patients had their fractures ‘‘re- 
duced” with the aid of a fluoroscope, and 
nailed. Check-up roentgenograms taken the 
next day revealed the situation that the frac- 
ture had not been reduced. This belongs in 
the department of locking the stable after the 
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Fig. 2. Nonunion with intrusion of nail into ilium. 
C. B. St. Luke’s No. A 27585. Female 75 years old. Frac- 
ture of neck of left femur August 19, 1939. Closed reduc- 


horse has gone. Nonunion resulted in both. 
The fluoroscope serves no useful function in 
reduction of these fractures, and its use is not 
recommended. 

4. In one patient, a fracture thought to be 
reduced with end-to-end apposition in two 
planes, was nailed, and a more careful study 
of the roentgenograms the following day 
showed the fragments nailed end-to-side. In 
this patient the fracture united, strange as it 
may seem, but then developed extensive asep- 
tic necrosis of the femoral head. (Fig. 1). 


4 


tion and failure to reduce fracture shown in a and b. Non- 
union with resulting intrusion of nail into ilium shown in 
c 9 months later. 


TECHNIQUE OF INTERNAL FIXATION 


It is not the purpose of this presentation to 
deal with technique, but it may be said that 
the internal fixation of these fractures of the 
neck of the femur may be readily accom- 
plished without the aid of any gadgets what- 
soever. The proper insertion of the nail is not 
altogether simple, and it is only with added 
experience that confidence and familiarity 
produce uniformly satisfactory results. A nail 
that is centered, or practically so, in the shaft, 
neck, and head of the femur in both the an- 





Fig. 3. Union of fracture with shortening of neck and 
<trusion of nail. C. C. St. Luke’s No. 119-240. Female 
> years old. Fracture of neck of right femur November, 


1936. Open reduction and nailing. a, Shows union with 
extrusion of nail 7 months after operation; b and c, end- 
result after 5 years, perfect except for slight shortening. 
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Fig. 4. Nail overdriven at time of reduction and fixation. S. D. St. Luke’s No. 
A 36454. Female 70 years old. Fracture of neck of right femur March 6, 1940. a and 
b, Show the closed reduction and the nail driven through the cartilage of the femoral 
head. c and d, Show the fracture united with the nail still protruding through the 
articular cartilage. This nail was removed. Result is excellent. 


teroposterior and lateral planes, as shown by 
roentgenograms, is the optimum position. 
During the earlier years when open reduction 
was performed, a centered nail was placed in 
only 5 of the 14 patients so treated, an inci- 
dence of 35 per cent. Later, in the 38 patients 
treated with closed reduction an increased 
experience enabled us to center 21, or 55 per 
cent, of the nails driven. Among the entire 
52 patients treated by internal fixation, there 
were 26 instances in which the nail was cen- 
tered and 26 instances in which it was off 





center. Union occurred in 16 instances in 
which the nail was centered and in 18 in- 
stances in which the nail was off center. How- 
ever, the incidence of nonunion was almost 
twice as frequent when the nail was off center 
as it was when the nail was centered. 

Three phlange nail. The length of this nail 
varies from 3 to 4% inches. The average 
patient requires a 31% inch nail and about 
half of our patients had a nail this long. 

The metal of which the nail was made was 
stainless steel, but in 1938 we changed to 
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Fig. 5. Open reduction, nailing, excellent result almost 5 years later. M.S. Female 68 years 
old. Fracture of neck of right femur February 15, 1937. a, b, and c, Show the fracture, reduc- 
tion, and nailing. d and e, Show the end-result 5 years later. This is in all respects perfect. 


vitallium. There has been no instance in 
which the nail broke. 

“Migration” of the nail. There has been 
comment about the so called migration of the 
nail used for internal fixation. This occurs 
chiefly in instances in which there is nonunion 
of the fracture. In this series, there were 8 
survivors with nonunion, and in none of these 
did the nail remain in its original position in 
the shaft, neck, and head of the femur. Four 
of these nails extruded along the original path 
of insertion, 2 intruded across the joint line 
into the ilium, 1 simply disengaged from the 
head, remaining loosely in the shaft and neck, 
while the remaining one remained engaged in 
the shaft and neck, bridging across a gap to the 
head of the femur where it was reasonably 
irmly seated (Fig. 2). 

When the fracture is solidly united, there is 
eldom seen any migration of the nail. Among 


the 34 united fractures which were nailed, 
there were 4 instances in which shortening of 
the neck as union progressed caused an extru- 
sion of the nail along the path of insertion 
(Fig. 3). 

There were also 4 instances in which the 
nail was originally overdriven through the car- 
tilage of the femoral head. This error is due 
to using a nail which is just about the same 
length as the shaft, neck and head pathway if 
driven flush and then blandly ignoring the 
fact that impaction of the fragments shortens 
the distance. When a nail of such exact length 
is driven fully after impaction, it is bound to 
penetrate the articular cartilage. There has 
been no further penetration of these nails 
(Fig. 4): 

Removal of the nail. The nail has been re- 
moved only for cause. Among those patients 
with united fractures, 2 extruded nails, 4 over- 
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Fig. 6. An undisplaced fracture of the neck of the femur, united, excellent result. E. M. St. 
Luke’s No. A 09391. Female 57 years old. a and b, Show fracture of neck of left femur without dis- 
placement. c and d, Show union of the fracture 9 months later. 


driven nails and 5 nails in which the head of 
the femur showed evidence of circulatory dis- 
turbance have been withdrawn. In ununited 
fractures, the nail has been withdrawn in 4 of 
the 8 patients. In 3 of these 4 the removal 
preceded a trochanteric osteotomy. 

Blaming the nail for failure to maintain re- 
duction. It is our belief that instead of a cer- 
tain tendency to blame the nail for failure to 
maintain reduction of the fracture, the respon- 
sibility should be more properly charged to 
the surgeon’s failure to obtain an original 
adequate reduction. 


ROENTGENOGRAMS 


The paramount importance of an exact and 
accurate roentgen-ray technique cannot be 
overemphasized. The relationship of the 
shaft, neck, and head of the femur. and the 
nail must be visualized during the reduction 


and nailing by means of roentgenographic 
films taken in anteroposterior and lateral po 
sitions. With a portable roentgen-ray ap- 
paratus and a developing room adjacent to 
the operating room, the time of operation 
should be reduced to a minimum. 


THE PATIENT WITH A FRACTURE OF THE HIP 
AS AN OPERATIVE RISK 

There was but one operative death, an in 
cidence slightly under 2 per cent. This was 
an elderly, hypertensive, diabetic woman who 
was kept in the hospital under treatment for 
a week prior to her operation. She died 4! 
hours after operation of shock and cardiac 
failure. 

Wound healing has, in all instances, been 
prompt, uncomplicated, and without infection. 

These patients subjected to reduction and 
internal fixation have been kept in bed for 3 
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Fig. 7. Closed reduction, nailing, excellent result 3 years later. E. O’C. St. Luke’s No. A 6937. 
Male 64 years old. Fracture of neck of left femur. a and b, Show reduction and nailing December 


19, 1938. c and d, Show end-result 3 years later. 


to 4 weeks after operation. Russell traction 
just sufficient to balance the pull of the mus- 
cles, that is, 4 to 6 pounds total, has usually 
been employed, and they are without pain 
after 2 or 3 days. Getting these elderly people 
with broken hips out of bed on the first, 
second, or third postoperative day is a stunt 
and serves no useful purpose. When they are 
allowed out of bed, a Thomas caliper splint 
with a pelvic band is applied and crutches are 
used. These supports are employed until the 
iracture is united or definite failure to unite is 
established. Union of the fracture occurs from 
1 to 9 months after reduction and fixation on 
the average. 

The average hospital stay of the 60 patients 
treated since 1936 has been 46 days after op- 
‘ration. This should be compared to an aver- 
ige of 122 days for the ward patients and 135 
lays for the private patients in our first series 
)f 50 patients on whom no surgery was per- 


formed. The saving in time and expense to 
both hospital and patient is at once apparent. 


FOLLOW-UP STUDY 

This is an elderly group of patients, 80 per 
cent women, whose average age was 661% 
years at the time they sustained their frac- 
ture of the femoral neck. Under ordinary 
circumstances there would be a considerable 
mortality in a similar group over a 5 year 
period. In the first group of 50 patients we 
had a 96 per cent follow-up, and in the present 
series of 60 patients we have a 100 per cent 
follow-up for an average of 23 months after 
the fracture for the 51 survivors. We know 
the end-result in every patient except one in 
whom sufficient time has not yet elapsed for 
solid union. Known 5 year results are not 
common, but we have 6 of them. 

Mortality. During the first 5 year period 
there were 11 deaths among the 50 patients 
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d 
Fig. 8. Open reduction, nailing, extensive aseptic ne- 
crosis of femoral head. C.S. St. Luke’s No. A 04042. Fe- 
male 50 years old. Fracture of neck of left femur, open 
reduction. a, b and c, Show fracture, reduction, and nail- 


treated in the main by plaster-of-Paris spica 
bandage, a gross mortality of 22 per cent. 
Four of these deaths were unrelated to the 
fracture, which gave a mortality of 14 per cent 
attributable to the fracture. Among the sec- 
ond 60 patients, there were 12 deaths, a 20 
per cent gross mortality, with 3 deaths oc- 
curring 9 months to 3 years after the injury 
with the fracture solidly united in each in- 
stance. This leaves 9 deaths, or 15 per cent, 
as the actual mortality due to the injury. It 
is interesting to note, in comparing these 2 
series of patients, that operative surgery 
neither diminished nor increased the mortality 
in these patients with fractures of the neck of 
the femur. As might be expected, those pa- 
tients who died were among the more ad- 
vanced in years, and 78 was their average 
age. 





ing December 24, 1936. d and e, Show the end-result 3 
years later after removal of nail. Some pain and limp 
Patient has worn a Thomas caliper brace for almost 5 
years. 


Union of the fracture. The known and 
widely accepted difficulty in securing union 
in these fractures until recently makes this 
subject one of absorbing interest. In the first 
series of 50 patients treated without surgery, 
union with excellent function occurred almost 
entirely among those patients whose fractures 
showed no original displacement. Only 2 pa- 
tients whose fractures were reduced by manip- 
ulation showed excellent anatomical, func- 
tional, and cosmetic results. 

The second series of 60 patients (52 treated 
surgically), whose results are herewith pre- 
sented, shows a very definite trend toward 
the situation where union of the fracture may 
be interpreted as an excellent result in all 
respects: anatomical, functional, cosmetic. 

There were 7 united fractures among the 14 
treated by open reduction and nailing, but 
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Fig. ob. 





Fig. toa. 


Fig. rob. 


Fig. 9. Closed reduction, union with mild condensing osteitis of femoral head. E.G. St. Luke’s 
No. A 5569. Female 53 years old. Fracture of neck of right femur, closed reduction, and nailing 
October 15, 1938. a and b, Show the end-result, union with slight condensing osteitis of femoral 
head 18 months later. Patient is without symptoms. An excellent result 3 years after operation. 

Fig. 10. Nonunion of fracture treated by trochanteric osteotomy. M.D. St. Luke’s No. A36710. 
Female 70 years old. Fracture of neck of right femur unreduced. a, Shows the unreduced fracture, 
extrusion of nail. b, Shows trochanteric osteotomy united, head of femur still ununited to neck. A 


useful weight-bearing mechanism. 


only 2 of these, or 28 per cent, of those united 
were excellent results (Fig. 5). The 8 undis- 
placed fractures treated without surgery were 
all excellent results from every standpoint 
(Fig. 6). Among those patients treated by 
closed reduction and nailing there were 27 
whose fractures united and 24 of these, or 
88 per cent, of those united were excellent in 
every respect (Fig. 7) while the 3 others had 
deformity due to malunion or varying degrees 
of circulatory disturbance in the femoral head 
sufficient to cause some symptoms. 

A comparison of the incidence of union in 
the two series of cases and of the various 
methods of treatment in the second series is 
shown in Table I. 


To make a long story very short indeed, 
union of fracture of the neck of the femur, in 
our hands, increased from 47 per cent of the 
survivors in the first half decade to 83 per 
cent of the survivors in the second half decade. 
The credit for this must be ascribed to internal 
fixation and increasingly improved reduction 
of these fractures. 

Circulatory disturbance in the femoral head. 
The recently completed study by the Fracture 
Committee of the American Academy of Or- 
thopaedic Surgeons (2) speaks of the incidence 
and degree of arthritic changes in the femoral 
head encountered in these fractures. The 
term arthritic changes is misleading, and I 
believe circulatory disturbance or change is 
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Fig. 11. Open reduction, malunion with bizarre bony overgrowths from the acetabular margin. 
J. McK. St. Luke’s No. A 03598. Female 67 years old. Fracture of neck of right femur December 
7, 1937. a and b, Show fracture and incomplete reduction. c and d, Show malunion with bony 
overgrowths from the margin of acetabulum 18 months after operation. This patient had a useful 
and symptomless hip when last seen 2 years after operation. 


preferable because arthritis of the hip is known 
and recognized in its various forms, while the 
alteration of the femoral head due to inter- 
ference with its blood circulation is a different 
picture. 

Actual arthritic change involving the hip 
joint following a fracture of the neck of the 
femur was found only once in this series of 60 
patients. 

These circulatory disturbances or changes 
in the femoral head may vary from a mild 
condensing osteitis to an advance aseptic 
necrosis. In our experience, they have in- 
variably appeared within the first year after 
the fracture. We have had no instance in 
which the circulation failed after the first year 
had passed and union of the fracture was 
established. 

The greatest predisposing cause of circu- 
latory disturbance in the femoral head is non- 





union of the fracture. Six of the 8 patients 
with nonunion showed extensive aseptic ne- 
crosis of the femoral head. 

Of the 7 patients subjected to open reduc- 
tion of their fractures which united, 3 had 
extensive aseptic necrosis of the femoral head, 
an incidence of 42.8 per cent (Fig. 8). 

Among the 27 patients with union of their 
fractures treated by closed reduction and in- 
ternal fixation, 4 had a very slight condensing 
osteitis (Fig. 9), and 1 had an advanced 
aseptic necrosis. Three of these 5 patients 
had incompletely reduced fractures. Of the 
8 patients with undisplaced fractures treated 
without surgery, none showed the slightest 
evidence of circulatory disturbance, but 1 pa- 
tient with an undisplaced fracture which was 
nailed showed definite circulatory disturbance. 

One is forced to the conclusion, in this 
series of patients, that the most important 
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TABLE I.—INCIDENCE OF UNION AND 
NONUNION 


| Total Union Nonunion 
Series 1. 1930-1035 ay 


Nonoperative 


























group No. Per cent No. Per cent 

Known 48 19 390 29 61 
Living 38 18 17.4 20 52.6 
Dead 10 I 10 9 9° 

Series 2. 1936-1941 | 
52 patients operated up-| 

on and 8 undisplaced 

fractures not operated) 

upon | 
\. Open reduction and} 

internal fixation | 
Known 14 7 50 7 5° 
Living 1c 6 60 4 40 
Dead | « I 5 3 75 
8k. Undisplaced fractures 

nonoperative 
Known 8 8 Ico ° ° 
Living 8 8 100 ° ° 
Dead ° ° ° ° ° 
C. Closed reduction and 

internal fixation 
Known r a 27 73 10 27 
Living |} 20 25 86 } 14 
Dead 8 2 25 6 75 
1). Entire second series 
Known 59 42 71 17 290 
Living 47 39 83 8 17 
Dead 12 3 25 9 75 





cause of circulatory disturbance in the femoral 
head has been failure to reduce the fracture 
and keep it reduced. For the benefit of those 
who feel that circulatory disturbance is more 


TABLE Il.—INCIDENCE OF CIRCULATORY 
DISTURBANCE IN THE FEMORAL HEAD 


Mild condensing | Aseptic necrosis 
osteitis of the of the femoral 


on femoral head aK 
Total head 
No Per cent No Per cent 
Patients with nonunion 8 ° ° 6 75 
Patients subjected to 
open reduction and 7 ° ° 3 42.8 
nailing. United 
Patients subjected to 
closed reduction and 27 4 14.8 I 3.7 
nailing. United 
Patients with undis 
placed fractures not 8 ° ° ° ° 


operated upon 


otal united fractures 42 r 0.5 4 9.5 





‘requent in the younger age groups, it may be 
stated that the average age of the 8 patients 
who showed this phenomenon together with 
inion of the fracture was 62 years, 41% years 
inder the group average. Those 6 patients 
vith ununited fractures who showed marked 


circulatory disturbance in the femoral head 
were 70 years of age on the average. The cir- 
culatory changes encountered among those 
patients may be summarized as follows, in 
order of frequency of occurrence. 


NONUNION OF THE FRACTURE 

This is a problem which is definitely dimin- 
ishing but will doubtless continue to exist. 
The situation of these patients can be greatly 
alleviated as far as pain and instability are 
concerned by a trochanteric osteotomy of the 
femur. This operation has been performed on 
3 of our 8 patients with ununited fractures 
with great improvement in their situation 
(Fig. 10). 


SUMMARY 


Open reduction and internal fixation. In our 
hands, open reduction and internal fixation of 
these fractures of the neck of the femur offered 
very little improvement in end-results over 
those obtained by nonoperative means. Of 
the 7 patients whose fractures united, only 2 
were wholly satisfactory. There were 3 cases 
of extensive aseptic necrosis and 2 bad mal- 
unions with marked deformity. In certain 
cases of open reduction, there occurred bizarre 
overgrowths from the acetabular margin, per- 
haps due to stripping of the periosteum (Fig. 
II). 

Undis placed fractures. During this period 
of tribulation in dealing with open reductions, 
the undisplaced fracture of the neck of the 
femur, treated by 3 to 4 weeks’ rest in bed and 
weight-bearing after the application of a 
Thomas caliper brace, gave invariably opti- 
mum results. Since our nailing technique has 
improved, a number of these undisplaced 
fractures have been nailed without reduction. 

Closed reduction and internal fixation. The 
accurate reduction by manipulation and the 
careful insertion of a three phlange nail has 
yielded surprisingly good results, union of the 
fracture in 86 per cent of the survivors. We 
make every effort to center the nail in two 
planes but are not always successful. Over- 
driving the nail through the articular cartilage 
of the femur has been done in 4 instances. It 
is due to carelessness and can readily be 
avoided. 
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Circulatory disturbance in the femoral head. 
The circulatory disturbance in the femoral 
head, based on our experience with these 60 
patients, has always appeared within the first 
year after the fracture. Seventy-five per cent 
of the patients with nonunion of their frac- 
tures had extensive circulatory disturbance in 
the femoral head. Of those subjected to open 
reduction with their fractures united, 42.8 per 
cent showed extensive aseptic necrosis of the 
femoral head. Of those 27 patients with 
united fractures who were treated by closed 
reduction and nailing, 18.5 per cent showed 
some evidence of circulatory disturbance, for 
the most part very mild. The majority of all 
patients showing circulatory disturbance in 
the femoral head with fractures united had 
inadequate reduction of the fracture. 

Adequate reduction of the fracture. We have 
found in this series of 60 patients that accu- 
rate reduction of the fracture is the most im- 
portant single factor in securing union and 
avoiding circulatory disturbance in the femoral 
head. The actual or so called migration of the 





nail is usually due to failure to properly reduc: 
the fracture, and this migration occurs almos: 
exclusively in ununited fractures. 

Nonunion. Patients with nonunion of thei: 
fractures may be greatly benefited by a tro 
chanteric osteotomy of the femur. 


CONCLUSION 


An accurate end-to-end reduction of a frac 
tured neck of the femur by manipulation anc 
fixed by a properly placed three-phlange nail 
should result in a very high percentage o/ 
unions, 86 per cent of the survivors in this 
series, and a low incidence of circulatory dis- 
turbance in the femoral head. This procedure 
is, therefore, recommended. 
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FACTORS IN THE CHOICE OF MATERIAL FOR BONE 
PLATES AND SCREWS 


CHARLES S. VENABLE, M.D., F.A.C.S., San Antonio, Texas 


HE qualifications for determining and 

specifying the basic factors that are 

essential in internal fixation of frac- 

tures with metals should be defined. 
As I see it there are three cardinal principles, 
three essential factors, which must be accepted 
and considered as a whole for the single pur- 
pose of securing and maintaining fixation with- 
out incurring changes that are detrimental to 
bone and that thus defeat the purpose of me- 
chanical stability. These factors are: (1) elec- 
trolysis (chemical); (2) physical properties; 
and (3) application. 


\e 


ELECTROLYTIC (CHEMICAL) FACTOR 


The entire change in our attitude and 
thought lies in the basic principle involved in 
the electrolytic factor. Without recognition of 
potential chemical changes resulting from the 
use of material affected by body fluids as the 
cause of deleterious effect upon bone, no mat- 
ter how strong or how well applied the instru- 
ment used, a large percentage of delayed un- 
ions, nonunions, and marked bone necrosis as 
result of local decalcification and even osteo- 
myelitis may be expected to occur. 

I am aware that to delve at this time into 
all the whys and wherefores of electrolysis, the 
passing of electrons between metals of different 
potentials of electromotive force set in action 
by an electrolyte, and the series of changes 
that occur, would not only bore you, but de- 
feat the purpose of bringing about the broader 
understanding of the principle I desire to ex- 
press, so I shall try not to be too technical. 

Practically all of the so called metals we 
use are a composite of different basic elements, 
each having a potential of different electromo- 
tive force, and are known as alloys. They offer 
varying qualities of resistance to the given 
fluid to which they may be subjected; some 
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are more resistant to acids, others to alkalies, 
but in the variance of the degree of resistance 
electrons pass from one element to the other. 
Thus the atoms of one constituent are com- 
bined with or separated from those of the other 
through the mobilization of ions which is elec- 
trolytic action. When any alloy, generally re- 
ferred to as a metal, is spoken of as being 
passive in a given fluid it is meant that that 
metal is so resistant to that electrolyte (fluid) 
that the passage of electrons is reduced to 
such a minimum that corrosion is practically 
nonexistent. 

When plain iron nails were used in fractures 
(which is within my memory) they caused 
little trouble, but when metallurgists began to 
make steel out of iron by adding elements to 
it, our trouble began. After our first announce- 
ment of the result of a series of experiments 
in determination of the part electrolytic action 
had to play, an unfortunate statement was 
made in error on a similar occasion that “all 
the changes in bone resulting from the use of 
metals in fractures ascribed to electrolysis were 
simple oxidation and were not the cause of 
loosened screws, or the discoloration of tissue, 
or excess of serous fluid, about the plates and 
screws,” and unfortunately it apparently cre- 
ated a great deal of confusion. 

When electrons are removed from an ion, 
atom, or molecule, the substance is oxidized; 
when electrons are added to a substance, it is 
reduced. Thus, every electrochemical change 
which takes place involves both oxidation and 
reduction. 

If the difference is understood between one 
pure metal which is not subject to corrosion 
and a multiplicity of different metals com- 
bined into one (an alloy) which is subject to 
corrosion, then it is clear why a single screw 
or plate—unless it be of a single element—is 
no longer a single metal and why it will cor- 
rode unless made resistant to the fluid to which 
it is to be exposed. 
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I desire further to emphasize the point that 
different materials used in conjunction with 
each other, such as the combination of passi- 
vated stainless steel screws in a vitallium plate, 
etc., only serve to make stronger and more 
destructive batteries, though each may be inert 
if used separately. Only properly passivated 
steel should be used throughout, or vitallium 
or tantalum should be used throughout. A 
combination of materials should never be used. 
An order to this effect has been issued to all 
Army hospitals by the Surgeon General of 
the Army. 

It must be further understood that metals 
for use in surgery are passivated to be resistant 
only to blood serum or normal salt. For in- 
stance, 18-8 steel with molybdenum is resistant 
to solutions of sodium chloride but less resist- 
ant to bromium chloride, and not at all to 
iodine chloride; therefore, the use of other 
chemicals in a wound, especially iodine in con- 
junction with metal fixation, should be care- 
fully avoided. 

There are two recent articles in which use of 
Dakin’s solution (hyperchlorite of soda) is ad- 
vocated in the treatment of infected wounds 
in which compound fractures are plated to 
maintain fixation. Hyperchlorite of soda is a 
much stronger electrolyte than salt solution 
and may energize electrons not only in the 
substance of the plate but throughout the 
screws and so initiate destructive bone changes 
about the latter thereby causing an osteomye- 
litis otherwise avoidable. 

Today there is increased interest and effort 
by metallurgists to create alloys that are as 
resistant to corrosion as possible for many in- 
dustries as well as for bone surgery, but the 
criterion of that resistance which we must un- 
derstand and demand must be all the more 
carefully assayed for our use. 

The manufacture of alloys is one of the most 
intricate of technical specialties. It is not so 
simple as having a formula, just placing the 
materials in a oven, and creating steel. More- 
over, because of the complexity of manufac- 
ture, each batch turned out must be carefully 
tested to meet specifications and required 
standards. 

We now have as a guide the basic principle 
that material must be sufficiently inert in the 





body through its chemical resistance to th: 
electrolytic effect of body fluids to remain so. 
Through clinical experience and observatio: 
over sufficient time we have come to expect 
and to realize the necessity for the inclusion of 
this factor in any attempt to standardize the 
material to meet our requirements. 

The Subcommittee on Education of the 
Committee on Fractures and Other Trauma; 
of the American College of Surgeons, consist- 
ing of Drs. Huber Wagner, Clay Murray, ani 
me, is now actively engaged with metallurgists 
and the Bureau of Standards at Washington 
in the creation of such standards as are essen- 
tial to meet our needs, based upon the prac- 
tical absence of electrolytic changes and oi 
assured physical stability. The minimum re- 
quirements established are to be based upon 
results of tests of such materials as have been 
found to remain passive in experimental ani- 
mals and in clinical cases for 2 or more years 
and upon tests of their physical fitness to with- 
stand the stress and strain entailed. It is up 
to the metallurgists to create such materials 
from available materials to meet these required 
standards. 


PHYSICAL FACTOR 


There is much more to the detail of the re- 
quirements of physical fitness than shape and 
size; so that, though articles of different design 
may be added from time to time, all must con- 
form to necessary specifications as to strength, 
ductility, malleability, fragility, torsion, and 
resistance to fatigue as well as resistance to 
corrosion which has been described. 

The crucial failure of our previous effort to 
standardize plates and screws was to allow any 
manufacturer to produce them according to 
the formula sanctioned by the Bureau of 
Standards. The result was that vanadium 
steel plates appeared on the market with as 
many different characteristics and sold at as 
many different prices as women’s hats. 

The degree of heat applied in preparing the 
different metals to be combined, the difference 
in heat during the process, the manner and 
speed at which they are cooled, the way in 
which they are mixed, as well as the selection 
of elements for use and the proportions, con- 
trol the properties of the finished product. 
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Whether such metals are finished by ma- 
chine or are cast, and whether or not the con- 
stituents are free from impurities, are factors 
which govern the price. Cheap, impure metal 
is the bargain stuff of the itinerant salesman. 
Is not success in attaining union of a fractured 
tibia worth more than the small difference in 
the cost of a plate? 

The committee in its protocol of standards 
is not interested in low cost, or is it trying to 
meet prices. It is proceeding on the basic as- 
sumption that the surgeon desires only articles 
that will aid in the attainment of his goal and 
furthermore desires to be protected from un- 
reliable gadgets. 

The Pure Food and Drug Act protects us 
from impure chemical products. It is just as 
important, since we know what chemical and 
physical properties are essential for safety, 
that our patients and we be protected from 
metals that are unfit and may cause harm. 

In addition to passivity, however, and to 
rigidity and strength it is most important that 
materials have varying properties; some must 
have machinability, others ductility and ten- 
sile strength so that the finest wires may be 
produced from them. In passing I will say 
that it is just as important for the abdominal 
surgeon to have passive material for wire su- 
tures to bury in the tissue, though changes are 
not as obvious in abdominal surgery, as for the 
bone surgeon who uses the nail, even though 
the latter has the additional hazard of calcium 
changes due to electrolysis—splendidly termed 
by Masmonteil “electrolytic ostiitis.”’ 

APPLICATION 

While chemical and physical properties of 
plates and screws can be made to conform to 
minimum standards, their application in sur- 
gery cannot be controlled. Surgical judgment 
cannot be accurately measured nor technical 
skill standardized. Instead we can only point 
out principles for the application of plates and 
screws which will facilitate their use and will 
be most likely to ensure success. 

Plates must be selected which are of suffi- 
cient strength and size to hold the involved 
bone. Small, short narrow plates, it goes with- 
out saying, are inadequate for immobilizing a 
fractured femur in a large adult. Before the 
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electrolytic factor was recognized in its effect 
in the decalcification of bone, plates, such as 
the Sherman type, were made in order to mini- 
mize the volume of material, for it was rec- 
ognized that the deleterious effect of metals 
seemed to be in proportion to the extent of 
metallic contact. Now we know that plates 
may be as wide or as heavy as necessary to 
meet the requirements of stable fixation. I 
think that the length of the plate should be at 
least three times the diameter of the bone in- 
volved to provide proper lever support. More- 
over, the plate should be shifted about or bent 
until it conforms closely to the surface of the 
bone so that a tight grip may be obtained. 
Whether the plate is thick, or thin, wide or 
narrow, straight or curved, is unimportant so 
long as it fits snugly and is sufficiently strong 
to support the bone ends involved. It should 
be malleable enough to be bent and still tough 
enough to meet the strain required. 

A single screw on either end of a plate be- 
yond the fracture should never be used as it 
creates a hinge at the fracture site. Also a 
plate applied with two screws on one side of a 
fracture and only one screw on the other side 
is bad mechanics. 

The drill holes for the screws should be 
about the same diameter as the shank of the 
screws. A drill slightly larger than the shank 
makes a hole in which the threads are inse- 
curely anchored and likely to strip out of the 
bone. A drill slightly smaller makes a hole in 
which the screws cannot be inserted without 
great force. As a result, screw drivers slip, 
screws break, tempers are lost, and the whole 
operation may be ruined. 

An exception to this rule is that a drill must 
be smaller than the shank of the screw when 
it is to be inserted in atrophic or decalcified 
bone. Obviously, in soft bone in which it is 
difficult to secure any sort of hold with a screw, 
the chances of success are greater when the 
screws compress the cancellous bone into a 
more firmly compact media. Conversely, the 
drill should be larger in very hard or ebur- 
nated bone. 

The choice of the type of screw to use is 
easily made if several important points are 
borne in mind. In the first place, long screws 
obtain a more secure mechanical grip on the 
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Fig. 1. Types of screws: a, dowel, b, wood-plain, c, wood- 

pull up. Note the obliquity and wider thread of the wood 
type screws. 


bone than short screws, and engagement of 
both cortices of the bone is more likely to pre- 
vent motion of the fracture than if only one cor- 
tex is secured. Holes drilled entirely through 
the bone permit the ends of the screws to pene- 
trate the opposite cortex and hold the plate 
firmly without impeding the tightening of the 
screws. 

Whether one uses a Sherman type of screw 
with its dowel end that is supposed to drill its 
way or a machine type of screw rather than a 
more deeply threaded wood type is immaterial 
so long as a tight grip is obtained. I personally 
prefer the last as it seems to obtain better 
engagement and is easier to apply. Any of 
these types are applicable to plates in which 
the detail of counter sinking or special screw 
heads are subjects of choice. 

There is, however, another type of screw 
(Fig. 1) which is important. This is the wood 
or ‘pull up” type of screw which has a smooth 
shank of the diameter of the thread between 
it and the head of sufficient length to reach 
through the proximal cortex. The reason for 
this is that when the threads have pierced the 
opposite cortex the distal fragment is drawn 
tightly against the proximal fragment as the 
shank turns freely in the proximal cortex with 
the head against the bone as a fulcrum. A 
larger drill hole proximally serves the same 
purpose. On the other hand if threads are 
engaged in the proximal cortex the opposite 
fragment will be pushed away no matter how 
tightly the head may be against the bone. All 
carpenters know this when they wish to fasten 
boards tightly together. 

After screws and plate are applied to the 
bone it is essential that adequate support and 
fixation of the extremity be provided as it is 
fallacious to assume that a plate alone, no 
matter how strong, will hold the fracture ends 
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tightly enough together to permit early exer 
cise unless both peripheries are fixed. Whil: 
the plate holds the upper periphery together. 
during extension the margins of the opposite 
periphery are pulled apart. To illustrate: if 
solid plates be substituted for hinges on a doo 
it takes little force to show a crack on the 
opposite side. So in cases in which but onc 
side is fixed with a plate alone, a plaster cas 
controlling proximal and distal joints is nec 
essary (Fig. 2). 

This problem is encountered particularly in 
transverse or short oblique fractures of the 
femur and tibia due to the recumbent posture 
of the convalescent patient in whom it is so 
essential to maintain knee and ankle function, 
especially the former in which function is so 
easily lost. Because of the weight of the leg 
and the sag in the thigh or leg downward from 
the point of suspension by the plate on the 
upper periphery, the margins of the lower pe- 
riphery are separated in an inverted V through- 
out the width of the fracture ends. This is true 
no matter what manner of external fixation or 
support is used or how rigid the plate may be 
due to laxity of the posterior muscles which 
are beyond control of external fixation. Such 
a gap naturally predisposes to delayed union 
or to nonunion. 

To meet this condition and secure an equally 
rigid fixation of both peripheries, a long screw 
of the pull up or wood screw type, placed 
obliquely to the axis of the plate through the 
upper surface of the proximal fragment, down- 
ward and backward across the fracture site, 
through the cortex of the distal fragment, will 
draw the fracture ends tightly together at the 
periphery opposite the plate and at the same 
time prevent any tendency to rotation of either 
fragment and also will materially lessen lateral 
movement (Fig. 3). This does not mean, how- 
ever, that no external support is necessary, 
that the limb is turned loose, and the patient 
permitted to get up and walk. After suture of 
an abdominal wound, the patient is kept in 
bed a reasonable time for wound healing, and 
so for bone healing there must be additional 
proper support and time allowance. However, 
stable fixation allows almost immediate hip. 
knee, and ankle function. In other words, en- 
casement of the limb in plaster may and should 
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Fig. 2. “Sag separation” of the periphery distal to the 
plate resulting from fixation with a plate on but one side 
of the bone. 





be avoided if possible, while a plaster gutter 
with suspension in a Thomas half ring splint 
with the knee joint usually is quite sufficient. 
Such a procedure may be expected to shorten 
the period of disability to some 6 to 10 weeks 
as compared with the 12 to 20 weeks usually 
allotted. 

The long oblique fracture offers yet another 
problem which, however, is more easily met 
through control of the distal periphery by com- 
plete transfixion of both cortices transversely 
by the use of pull up or wood type screws to 
draw the fragments together tightly. Two or 
more such screws may be so spaced that the 
fractured surfaces are held so firmly that joint 
function is admissible directly. In such in- 
stances, the addition of a plate is rarely neces- 
sary unless there is a complicating transverse 
fracture in the same field. 

In short, bone as other tissue must be closely 
approximated and held so that it may regener- 
ate promptly in the process of new cell growth. 
This emphasizes the essential in plating that 
close approximation of the bone ends must be 
obtained in all instances whether additional 
transfixion screws are applied or not. We see 
far too many cases of delayed union or non- 
unions because of improper application of a 
plate in which a gap of a 1/32 or 1/16 inch or 
more has been left. 

My theme, however, is in principle, so de- 
tails of varied technical applications of plates 
and screws will not be discussed. As I see it, 
the most important principle evolved is the 
chemical factor through the understanding of 
which it now becomes possible to apply direct 
fixation to fractures under conditions hereto- 
fore impossible. Compound fractures occur- 
ring in the presence of most severe trauma and 
infection with the outlook of bone union dur- 
ing the period of healing of an infected and 
traumatized wound may be expected in a very 
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Fig. 3. Stable approximation of distal periphery by en- 
gagement with transfixion screw placed obliquely through 
both fragments. 


high percentage of cases. In many instances 
it is possible now to plate and close a com- 
pound fracture after proper débridement and 
to expect wound healing as well as bone union 
as though a simple fracture were present. 

During the past war direct fixation was 
forbidden because metals we then had were 
highly electroactive and increased the damage 
through deleterious bone changes so that non- 
union and even amputation resulted. Today 
we can feel safe in using metals for we now 
have available material that is passive; this 
fact has been proved in the recent past in the 
most severely traumatized and infected com- 
pound fractures occurring in the toll of auto- 
mobile and airplane accidents as well as in 
industrial surgery. The same expectancy of 
greatly diminished nonunions and even ampu- 
tations may now be expected in compound 
fractures occurring in war wounds. 


SUMMARY 


The first two factors, chemical and physical 
fitness, in the material for use in the treatment 
of fractures are supplied us by metallurgists; 
the third factor, application, must be mastered 
by each of us individually by an understanding 
of the mechanical principles involved, skillful 
technique, and that judgment acquired only 
through training and experience. 

The introduction into bone surgery of mate- 
rial that is so tolerated as to cause no disturb- 
ance, opens fields we have not before known; 
but we must warn that it becomes a dangerous 
tool in the hands of those not qualified to use 
it. The same hesitancy and respect should be 
felt in operating to reduce fractures as in per- 
forming gastrectomies or in operating upon 
the brain. I say this because I believe that 
though the first two factors which have been 
mentioned are essential, the last—application 
—is the sina gua non of success. 





RESULTS IN COMPOUND FRACTURES WITH OSTEOMYELITIS 
AS EXPERIENCED BY THE VETERANS ADMINISTRATION 
OVER THE PAST TWENTY YEARS 


S. K. LIVINGSTON, M.D., F.A.C.S., White River Junction, Vermont 


N modern warfare low velocity missiles 
cause the majority of compound frac- 
tures with their associated lacerations 
and contusions contaminated by clothing 

and skin, resulting in gross infection after 
about 12 hours. 

The standard treatment during and subse- 
quent to the last war for compound fractures 
and osteomyelitis, according to the Surgeon 
General’s Report of the Army for 1927, was 
as follows: (a) proper splinting for transporta- 
tion and first aid; (b) débridement; (c) skeletal 
traction and/or other immobilization; (d) 
Carrell-Dakin treatment or dichloramine T.; 
(e) surgery other than débridement as in- 
dicated; (f) amputation and plastic repair; 
(g) physical therapy. 

During the fiscal year of 1926, a summary 
of fractures and amputations of the long bones 
was studied by the Veterans Administration. 
The greatest number of fractures, 4,736, oc- 
curred in the humerus; the next greatest in the 
femur. The greatest number of deaths, 1,060, 
or 35.03 per cent, resulted from fractures of 
the femur. 

The tables covered a study of 22,954 frac- 
tures of the long bones over a period of 6 years. 
This group formed 5 per cent of the World 
War Veterans disabled to a compensable de- 
gree. The rating schedule used throughout 
the period under study based the degree of 
disability upon the average impairment of 
earning capacity resulting from injuries in 
civil occupations. On that date, 15,597 or 54 
per cent of the fractures had reached a sta- 
tionary level, which was reasonably certain to 
continue throughout the claimant’s life. Thirty- 
nine per cent of the total showed improvement 
and 7 per cent had retrogressed. 


Presented in the Symposium on Fractures and Other Traumas 
before the Clinical Congress of the American College of Surgeons, 
Boston, November 3-7, 1941. 


Fractures of the femur comprise the group 
of most.serious injuries in the length of time 
required to reach a stationary level and in the 
high degree of disability. Amputation of the 


TABLE I.—SURGEON GENERAL’S REPORT, 
1927 
No. cases Percent No. days 


Fractures following gunshot 
wounds—61% _ returned 


to U.S. for treatment... 25,272 
80.31% compound...... 6,006 
Fractures, nonbattle, due to 
injuries, simple ........ 39,569 
: rere 70,847 
Percentage of injuries caused 
by low velocity missiles. . 70.41 
Loss of one or more extremi- 
een oe re re Al 4,403 


Associated joint involvement 

(ankylosis, flail joints, 

contractures, etc.)...... 4,970 
Percentage of total discharges 

for disability due to frac- 

Ee ee ae 11,740 40.6 


Days lost due to fractures. . . 5,125,220 
Per cent of all days lost due to 

Re rer 29.3 
Average duration of treatment 225.50 


Percentage of deaths as result 
of fractures in comparison 


EER Cae 20.0 
No. deaths from fractures. .. . 2,757 
Total No. deaths........... 12,470 


TABLE II.—STUDY OF END-RESULTS IN FRAC- 
TURES OF LONG BONES BY THE U. S. PUBLIC 
HEALTH SERVICE AND U.S. VETERANS AD- 
MINISTRATION, 1919-1926 

No. cases Per cent 


Stenple fractures.................... 4,519 16.69 


Per cent under 30 years old........ 69.05 
Per cent stationary............. ; 54. 
Per cent improved..........:....... 39. 
Per cent retrogressive.......... x 7. 
Compound fractures.............. 18,435 80.31 
Complications— 

ae ree 4,053 


Ankylosis, shortening, deformity, 
nonunion, faulty union, nerve 
involvement, etc.............. 10,505 
rere 14,558* 


*4,244 of these had ratings of total permanent; 1,362 of less than 10% 
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TABLE III—STUDY OF END-RESULTS IN FRACTURES OF LONG BONES BY THE U. S. PUBLIC 
HEALTH SERVICE AND U. S. VETERANS ADMINISTRATION, 1919-1926 
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thigh contributed largely to the high rate of 
disability. Table IV and the amputation re- 
port, by specific bone or bones, show the 
interval elapsing between the injury and the 
amputation. Of the 4,179 amputations, 3,044 
or 73 per cent were done within the first 15 
days after injury. The United States thus 
profited by the experience of the French and 
British by having mobile hospitals sufficiently 
equipped with surgeons and instruments to 
perform major surgery within the first 72 
hours after injury. 

It should be noted that the average period 
of disablement is greatly in excess of the 
period recorded by observers for industrial 
fractures. This is because the greater number 
of these fractures were compounded due to 
severe battle injuries. Many of them later 
became septic with much destruction of tis- 
sue, including osteomyelitis, resulting in last- 
ing deformity and much impairment of func- 
tion. Therefore, the character of these 


TABLE IV.—STUDY OF END-RESULTS IN FRAC- 
TURES OF LONG BONES BY THE U. S. 
PUBLIC HEALTH SERVICE AND U. S. VET- 
ERANS ADMINISTRATION, 1919-1926 

AMPUTATIONS 




















taceasijeasing be] Days | Momins| Over | pean | total 
putation * 

Thigh | xara | ase | a | 76 | 1808 

Les 860 ae 25 | 2,390 

Are 641 44 3 39 727 

Forearm 301 27 3 23 444 

“Total 3,266 681 45 187 4,179 




















fractures is of a far different type from those 
of civil life so the final results are not com- 
parable. 


AMPUTATION REPORT 


Phalangeometatarsal and transmetatarsal amputa- 
tions. These were infrequent but amputations in 
this area gave good function. 

Lisfranc’s amputations at the transmetatarsal 
joint gave reasonably good function. The dorsal 
flexors should be anchored to the ends of the bones 
to preserve dorsal flexion. 

Transtarsal amputations. Distal to Chopart’s 
joint was preferable to Chopart’s amputation, as 
proper balance of the dorsal and plantar flexors of 
the foot was better preserved. 

Chopart’s amputations resulted in poor function. 
Plastic repair did not usually improve the function 
and reamputation was often necessary. Equinus 
deformity frequently developed and the stump was 
too short for proper prosthesis. 

Pirogoff’s amputation. Displacement of the re- 
maining portion of the calcaneus was common. 
The total end bearing stump, following the Syme’s 
amputation, is quite as satisfactory. 

Syme’s amputation. The chief advantages in the 
Syme amputation were that it was total end bear- 
ing and the length of the limb was approximately 
preserved so the patient could get about without 
his prosthesis. This amputation has been found 
highly satisfactory and must be considered as a 
site of election. 

Leg, lower third. All cases observed required 
reamputation because of poor vascularity and com- 
plications. 

Amputation of leg (calf) was considered in the 
Surgeon General’s Report, 1927, as the ideal site 
for anatomical and prosthetic reasons. Subsequent 
experience in the Veterans Administration has 
shown a high percentage of neuroms, ulcers, pain- 
ful stumps, and painful weight bearing surfaces. 
Reamputation (Gritti-Stokes or thigh) has been 
found the only answer to the problem in many of 
these cases. 
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Thigh. Knee joint and transcondylar amputa- 
tions were found unsatisfactory. Gritti-Stokes am- 
putations required a high percentage of reamputa- 
tions (Surgeon General’s Report, 1927). Subsequent 
experience points with favor to this operation pro- 
vided the patella has firmly adhered to the femur 
and is well placed. Amputations at various levels 
from high transcondylar to 2 inches below the 
lesser trochanter have proved satisfactory. Am- 
putation through the neck of the femur has been 
found preferable to disarticulation at the hip joint. 

Hand. Cases in which only a débridement with 
heroic efforts to save all tissue possible, pedicle 
transplants, and plastic repairs offered the most 
desirable results. Transcarpal amputation was 
found preferable to amputation at the wrist. Wrist 
joint amputation was preferable to any higher up. 
The club-like stump eliminated much apparatus 
in the prosthetic hand. 

Forearm. Amputation in the forearm should be 
done as low as possible. The importance of pre- 
serving supination and pronation warrants careful 
treatment of the periosteum to prevent bridging. 
A forearm stump should not be sacrificed to over- 
come painful scars, ulcers, etc., but plastic meas- 
ures should be used on the soft structures. 

Arm. Transarticular and transcondylar amputa- 
tions have not proved satisfactory from the stand- 
point of prosthesis. Above this level all possible 
bone length should be saved. Short arm stumps 
may be improved so far as leverage is concerned by 
severing or raising the insertions of the pectoralis 
muscles, the latissimus dorsi, and teres major. The 
head of the humerus should always be saved if 
possible, to preserve the contour of the shoulder. 


CONCLUSIONS 


1. Eighty and thirty-one hundredths per 
cent of battle fractures were compound; nearly 
one-half of all discharges, nearly one-third of 
all days lost and one-fifth of all deaths were 
the result of fractures. 

2. About one-half of all compound fractures 
required more than 5 years before becoming 
stationary. 

3. Therelatively large number of late ampu- 
tations indicates early surgery is advisable and 
that mobile hospitals should be equipped for 
major surgery. 

4. Seven years after World War I the 
majority of compound fracture cases were 
compensable from ro per cent to 50 per cent, 
with a smaller but still large number from 
50 per cent to 1o0o per cent. 


5. In 1930, there were about 10,000 old and 
recent cases of osteomyelitis in the Veterans 
Administration due to all causes. From the 
treatment of these cases, the following con- 
clusions may be drawn: 

a. In cases of compound fractures early 
anatomical alinement should be accomplished 
by open or closed manipulation with main- 
tenance by external or internal fixation. Hard- 
ware, such as Parham bands, Lane or Sherman 
plates, screws, etc., may be applied at the time 
of the débridement, the presence of infection 
not being considered a contraindication. 

b. A thorough but careful early débride- 
ment is advisable. 

c. Antigas and antitetanus serum should be 
administered prophylactically in all cases. Only 
too often is antigas serum omitted. The pro- 
phylactic use of these serums is again advised 
before delayed surgery is attempted. 

d. Lacerations should be sutured early with 
interrupted silk sutures which may be easily 
removed if necessary. 

e. The early intravenous use of blood serum 
or plasma is a great aid in the treatment of 
shock. 

f. The use of the sulfonamides by mouth and 
locally is strongly recommended. 

g. Sequestrectomy in chronic osteomyelitis 
should be thorough and include areas of osteo- 
sclerosis. In a slowly but steadily progressing 
molecular necrosis wide excision to areas ob- 
taining their blood supply from collateral cir- 
culation, or amputation is indicated. Osteo- 
myelitis of the lower third of the tibia, espe- 
cially if involving the ankle joint, usually 
results in amputation and this is recommended 
early. 

h. Syme’s and Gritti-Stokes amputations 
are amputations of election. Amputation at 
the calf is usually to be condemned. A mid- 
thigh or Gritti-Stokes amputation is preferable. 

i. Maggot therapy, although condemned by 
many, is an effective treatment for osteomy- 
elitis, as is the Orr method. 

j. Local irrigating solutions, antiseptics, 
and pastes of various kinds have not proved 
effective in the treatment of osteomyelitis. 
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PRECANCEROUS LESIONS 


C. P. RHOADS, M.D., New York, New York 


Y definition, a precancerous lesion is one 
in which, statistically, the tissue is more 
likely to become invasive and metastasiz- 
ing than is tissue involved in other, non- 

precancerous types of change. Since I have been 
asked to discuss precancerous lesions, and the 
exact phase of the topic was not specified, I infer 
that considerable latitude has been left to my 
judgment. I have chosen, accordingly, to discuss 
a view in which I am particularly interested and 
toward which all the investigative energies of my 
group have been directed for a number of years. 

It would be redundant to present before this 
assembly the conventional statements regarding 
the changes which are considered to be precan- 
cerous. It is common knowledge that oral and 
vulval leucoplacia tend to become neoplastic, and 
that keratoses of the skin are very likely to do so. 
Less well known is the fact that only certain forms 
of mammary epithelial hyperplasia are prone to 
become malignant, and that the precancerous 
alterations of the gastric mucosa are not well 
understood. To obtain a better comprehension 
of the nature of the precancerous lesions, it is 
desirable to ascertain, from the study of those 
which have been proved, some common factor. 
Then, by the methods of modern scientific investi- 
gation, it should be possible to establish the means 
by which this common factor can be regularly in- 
duced in man and animals. Once such a mechan- 
ism were established, rational prophylaxis would 
follow logically; and only by the development of 
prophylactic methods are we likely to advance 
materially the cure of cancer, barring, of course, 
the occurrence of some major technical develop- 
ment. 

What, then, is the common factor to be dis- 
cerned in those changes which are known to tend 
to become neoplastic? In the skin, in the oral 
cavity, as well as in the hematopoietic apparatus, 
this common factor appears to be a chronic irri- 
tative one, but actually is probably an atrophy 
due to some mechanism which prevents the nor- 
mal life and reproduction of the affected cells. 
Similarly, atrophy may well play a réle, although 
as yet unproved, in the precancerous lesions of 
the genital organs, notably the breast, the uterus, 
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and the prostate. At least one is safe in stating 
that cancer of these organs occurs at a time when 
their epithelium becomes functionally inactive, 
and when the metabolism of the specific chemicals, 
the sex hormones, which control their activity, 
becomes gravely altered. It is fair to assume, 
then, from the evidence, that the overgrowth 
which, when uncontrolled, is neoplastic, is in 
some instances a pathological response to the 
cause of the primary atrophic lesion. Obviously, 
then, it is desirable to establish clearly the cause 
of tissue atrophy in general. 

In Table I are presented recognized examples of 
cancer which is known to follow the appearance 
of an atrophic process. Among these certain ones 
stand out as disorders without any known etiol- 
ogy. In at least three types, however, one can 
advance rather strongly suggestive evidence con- 
cerning causation. These types affect the skin, the 
liver, and the hematopoietic apparatus. 

The evidence concerning the atrophic and pre- 
cancerous lesions of the skin is clear, and needs 
little further discussion, since methods of measur- 
ing the function of its cells are not well established. 
As concerns the blood-forming organ, somewhat 
more information is available. From the observa- 
tions of Hunter and Mallory, to which we have 
been able to add confirmatory evidence (3), it is 
clear that exposure to compounds of a known 
chemical structure, notably benzene, will cause, 
first, an atrophy and later the malignant over- 
growth which we call leucemia. These changes 
are illustrated in Figs. 1 and 2. 

Liver cancer, however, provides a particularly 
useful experimental tool, since in the animal it 
can be produced regularly under certain circum- 
stances by a compound of known chemical con- 
stitution. Furthermore, in the animal sufficient 


TABLE I.—-PRECANCEROUS CHANGES 


1. Skin 
A. Keratoses of the atrophic skin 
B. Xeroderma pigmentosa (atrophy) 
C. Radiation dermatitis (atrophy) 
D. Burn scars and lupus (atrophy) 
E. Arsenic dermatitis (atrophy) 
Kraurosis vulvae (atrophy) 
Plummer-Vinson disease (atrophy) 
Thyroid cancer after hypothyroidism 
Cancer in undescended atrophic testicle 
Cancer of liver on cirrhosis 
. Leucemia on aplastic anemia 
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Fig. 1. 


quantities of liver tissue for analysis can be made 
available easily. It is desirable, then, to examine 
the facts in order to ascertain to what extent liver 
cancer represents a primary atrophy followed by 
a malignant overgrowth, and how far experi- 
mental liver cancer is analogous to liver cancer in 
man. Kinosita has proved that the feeding of 
dimethylaminoazobenzene (butter yellow) to 
rats taking a diet of rice will produce regularly 
hepatic cirrhosis followed by hepatic cancer. 
Cirrhosis is clearly an atrophic process, and in this 
instance is precancerous. 

How far can the analogy be drawn between this 
type of experimental neoplasms and liver cancer 
in man? Some points of similarity certainly exist. 
Human liver cancer tends to occur on a basis of 
cirrhosis, a point clearly proved by a recent com- 
munication from South Africa. In a very large 
series of patients with hepatic malignant neo- 
plasms cirrhosis was always present. 

What, then, is the nature of cirrhosis? Clearly it 
is a process which involves damage or death of nor- 
mal liver cells and their replacement by regenera- 
tive tissue. How, then, can this basic process of 
atrophy be induced, and why should the regenera- 
tive effort of the liver give rise to cancer? The 
experiment of the Japanese workers previously 
described provided a method for the analysis of 
these problems. Obviously, it was desirable to as- 
certain how the combination of a rice diet and the 
administration of butter yellow operated to pro- 
duce the primary cellular damage marked by 
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Fig. 2. 


atrophy. Kensler and Sugiura, in my laboratory, 
immediately attacked the problem. First they 
proved that the experiments described by the 
Japanese could be repeated regularly. Next the 
diets were analyzed to see what factor in them was 
lacking and was supplied by yeast. Third, the 
effect of butter yellow feeding on liver cells was 
examined; and fourth, the compounds into which 
butter yellow is broken down in the animal were 
isolated and identified. We proved that at least 
two factors were lacking in the diet which ren- 
dered the animals susceptible to liver cancer fol- 
lowing the ingestion of butter yellow. The effect 
of the feeding of this carcinogen was found to be 
a poisoning of the activity in the liver cells of cer- 
tain enzyme systems required for the respiration 
and metabolic function of normal cells. Here, 
then, was an explanation of the atrophic or pre- 
cancerous process. Next the particular break- 
down product of the chemical carcinogen which 
interfered with the respiration of normal cells 
was identified. Finally, certain evidence was ob- 
tained as to how this injurious effect was exerted. 
The fact became clear that the cancer-producing 
chemical induced atrophy of liver cells by com- 
peting successfully for the protein component of 
the cells without which their enzyme systems 
could not operate. If the efforts of the cancer- 
producing chemical to steal the enzyme protein 
could be directed into innocuous channels it 
would be possible to prevent the cancer-produc- 
ing effect. 
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Why, then, does malignant overgrowth take 
place? All the details of this mechanism are, of 
course, not as yet worked out. One fact does 
appear clear; however. The cancer recurs and 
grows in the face of a milieu which is incompatible 
with the life and growth of normal cells. One 
would infer, therefore, that the cancer cell is 
malignant because it has developed some new 
way of life which renders it insusceptible to dam- 
age by the chemical compound employed in the 
experiment and concurrently immune to normal 
growth restraint. Were this the case, the com- 
pound involved in our experiments should stop 
the respiration of normal liver cells and not that 
of liver cancer cells. This is the case. Further- 
more, this observation should be confirmable by 
another technique in another laboratory. Robert 
Chambers, at New York University, has con- 
firmed the observation in tissue culture. Here, 
again, a concentration of a toxic breakdown prod- 
uct of butter yellow which will kill normal rat 
liver cells has no effect upon the growth and 
multiplication of liver cancer cells. 


It may be argued that this type of funda- 
mental work has no bearing on the problem of 
cancer in man. This may be the case, but if, as 
we assume from the results of the experiments 
described, the cancer cell is different in its re- 
spiratory mechanism from normal cells, it is not 
impossible that the future will provide us with 
effective chemotherapeutic agents. 
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THE ROLE OF THE RADIOLOGIST IN THE 
CANCER CLINIC 


GEORGE W. HOLMES, M.D., Boston, Massachusetts 


URING the past 25 years there has 
been a considerable advance in our 
knowledge of, and our interest in, the 
diagnosis and control of cancer. Early 

in this development it was recognized that some 
methods of attacking the problems should be de- 
vised which would bring together those physicians 
and scientists interested in the problem and which 
would permit the grouping of patients suffering 
from this disease for study and follow-up. In an 
attempt to solve this problem two plans have been 
developed which have received general acceptance 
throughout the world: namely, the cancer hospi- 
tal, and the tumor clinic—both of these methods 
have advantages and disadvantages. 

The cancer hospital is a considerably older de- 
velopment in point of time than the tumor clinic 
and, in general, it may be said that this method of 
approach has been more successful in fundamental 
research and in adding to our knowledge of the 
whole problem than has the tumor clinic. On the 
other hand, the tumor clinic has been outstanding 
in the therapeutic field and seems to be a better 
method of bringing a knowledge of the disease to 
physicians in general. 

The cure of cancer is still largely a surgical 
problem. Irradiation being reserved for those 
patients who have passed the stage in which sur- 
gery can reasonably be expected to effect a cure or 
in whom for some reason surgery is contra- 
indicated. If this general statement is accepted, 
the treatment of curable cancer then becomes 
largely a question of surgical skill. No one sur- 
geon is equally skillful in operating upon all parts 
of the human body; surgeons have recognized this 
fact, and specialization takes place along anatom- 
ical lines rather than by disease. The surgeon 
working in a cancer hospital must of necessity 
confine himself almost wholly to the treatment of 
cancer, in some particular anatomical location, 
and it is questionable whether or not a surgeon 
would receive sufficient material for his proper 
development in a cancer hospital except in a few 
very large centers of population. As a matter of 
fact, most cancer hospitals do not attempt to 

From the Massachusetts General Hospital. 
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treat cancer in all of its anatomical manifesta- 
tions, as for example: tumors of the brain, lungs, 
and gastrointestinal tract. In most of the cancer 
hospitals today surgery plays a minor réle, the 
major effort being devoted to research and 
radiation therapy. 

The tumor clinic, on the other hand, offers an 
excellent opportunity for the development of 
surgical treatment in all fields of cancer. The 
operating surgeon in these clinics occupies an 
important position on the surgical staff of a large 
general hospital and the material which he has for 
study is ample. Another advantage of the tumor 
clinic is that its work is brought directly to the 
staff of the general hospital and to the practicing 
physicians of the community. In this way, these 
physicians obtain a first hand knowledge of the 
problem, rather than obtaining such information 
from occasional visits to large cancer centers or 
through the literature. 

In so far as I am able to determine the first 
tumor clinic, as it is known today was established 
at the Massachusetts General Hospital in 1925 
and grew out of a consultation service developed 
by the department of radiology dating back to 
1919 when the first consultant was appointed to 
this clinic. At the Clinical Congress of the 
American College of Surgeons held in Phila- 
delphia in 1930 Dr. Robert B. Greenough read a 
paper in which he described the work of the tumor 
clinic and told of its developments. The ad- 
vantages of the clinic as stated by him at that 
time were as follows: 


1. The work in cancer cases is placed in the hands of 
those members of the staff who are most interested in that 
subject. 

2. Opportunity is given by consultation with repre- 
sentatives of the clinical, pathological, and radiothera- 
peutic departments for mutual instruction and increase of 
knowledge of the disease and its treatment. 

3. A definite rational plan of treatment can be deter- 
mined for each individual case, after consultation; and the 
results can be checked and discussed, by the group, in the 
subsequent follow-up. 

4. Concentration of the hospital material permits 
greater experience and more productive work. 

5. The standards of the hospital for efficient diagnosis 
and treatment of cancer are inevitably raised, and this 
educational effect extends beyond the hospital to medical 
students and to physicians in general practice in the 
immediate vicinity. 
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6. The additional expense to the hospital involved in the 
maintenance of the tumor clinic amounts only to about 
$3000.00 a year. 


This report received the favorable attention of the 
College and the development of similar clinics in 
other centers has been largely due to their effort. 

The personnel of a tumor clinic should consist 
of a surgeon, or better, a group of surgeons trained 
and interested in the treatment of cancer; a 
radiologist, or group of radiologists, similarly 
trained and interested in the problem; an intern- 
ist; a pathologist; a social service worker; and one 
or more clerks and nurses. It is of the greatest 
importance that the physicians composing the 
staff be on a somewhat equal footing. The clinic 
should not be dominated by either the surgeon, 
the radiologist, the pathologist, or the clinician. 
The executive head of the clinic should be chosen 
for his personal qualifications and for his interests 
in the problem as a whole, rather than because of 
his position in any one field of medicine. 

At the present time, at the Massachusetts 
General Hospital, the direction of the tumor clinic 
is in the hands of a committee which represents 
surgery, medicine, radiology, and pathology— 
the chairman of the committee being the chief 
surgeon. All appointments to the staff are ap- 
proved by this committee on the recommendation 
of the chief of the service involved. 

The tumor clinic acts primarily as a consulting 
and follow-up service. The treatment, whether it 
be surgical, medical, or radiological, is under the 
control of the chief of the general medical, sur- 
gical, or radiological service. Much of this treat- 
ment is handled by special assignment by members 
of the tumor clinic. In all cases recommendation 
by the tumor clinic regarding treatment receives 
serious consideration. It has been found ad- 
vantageous to carry on a certain amount of minor 
surgery in the tumor clinic itself, such as the tak- 
ing of specimens for biopsy or the removal of small 
superficial lesions. It has also been found de- 
sirable to hold the clinic in close contact with the 
x-ray therapeutic department; this encourages the 
follow-up of patients and makes available to the 
department of radiology immediate surgical or 
medical consultations. Patients referred to the 
clinic for consultation are first seen by the 
resident surgeon or radiologist assigned to the 
department and are referred to the specialty in 
which the location of their disease places them. 
Whether or not other specialists are asked to see 
the patient will depend largely upon the possibil- 
ity of surgical, medical, or radiation therapy. 
The opinions given to the service referring the 
patients is that of the clinic as a whole, rather 


than of a single individual in most cases and in all 
controversial cases. Since the treatment of cancer 
in most cases at the present time is either surgical 
or radiological the selection of cases for these 
procedures is of great importance. In arriving at 
a decision many factors should be considered, 
most important of which are: the stage of the 
disease, histology of the tumor, the age and con- 
dition of the patient, the location of the tumor, 
and the chance of cure or relief by the various 
methods of treatment. It is not sufficient for the 
surgeon to state in a given case that he believes 
the disease is curable by surgery. He must also 
state the amount of permanent damage resulting 
from the operation and the risk; the same is true 
regarding the opinion of the radiologist. If, in the 
opinion of the surgeon, the tumor cannot be re- 
moved completely, or if the operative risk is too 
great, irradiation should be considered. An at- 
tempt to cure by irradiation usually results in 
considerable discomfort for the patient and in 
permanent damage to tissue in the radiated field. 
It should not be undertaken unless there is a 
reasonable chance of cure. Palliative treatment, 
on the other hand, will often control the disease 
for a considerable period of time and relieve suffer- 
ing. It is important that this distinction be 
recognized and that the treatment be not too 
prolonged or severe with an incurable patient. 

The selection of the kind of irradiation in a 
given case will depend largely upon the location 
and character of the tumor. The use of radium in 
our clinic has decreased rapidly during recent 
years and is now largely confined to treatment 
within accessible body cavities; an excellent ex- 
ample of which is the uterine cervix. It may be 
used to destroy a residual tumor after irradiation 
with x-ray, but this field of its use is definitely 
limited; needles or seeds should not be inserted 
where there is danger of infection. Since the use 
of radium at the present time requires, in most 
cases, a surgical operation we have found it more 
satisfactory to allow the surgeon to carry out the 
entire procedure rather than to call in a radiation 
therapist to apply the radium. The application of 
radium as used today is relatively simple and the 
surgeon can master the radiation technique with 
much greater ease than the radiologist can the 
surgical technique. The use of irradiation with 
x-ray, either preceding or following a surgical 
procedure, also has, in our opinion, a limited field 
of usage, although it has in the past been used 
extensively. 

Postoperative irradiation, rarely if ever, cures a 
patient who was incurable by surgery in the be- 
ginning, although it may prolong the period in 
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which the patient is free of recurrence. Nor, will 
preoperative irradiation make an inoperable case 
operable. The feeling prevalent among some sur- 
geons that, if the operation fails, irradiation may 
be used to effect a cure should be discouraged. An 
operation should not be attempted unless there is 
reasonable chance of cure. These patients are 
better handled by irradiation alone. Post- 
operative irradiation should be used in those 
cases in which, after operation, it is found 
necessary to change the original diagnosis; in 
those cases in which the surgeon realizes at the 
time of operation that he is unable to remove the 
tumor completely, or in which histological ex- 
amination of the tumor following operation shows 
the disease to be of a high degree of malignancy. 
In this latter group, particularly if the tumor is 
known to be radiosensitive, preoperative irradia- 
tion in rather small doses may be found to be of 
value. 

It has been our experience that the best results 
are obtained when the therapeutic procedure is 
planned after consultation between the surgeon 
and the radiologist. The procedure then is carried 
out as a joint undertaking in which either of the 
consultants may proceed independently calling 
the other in for consultation when his method 
has failed. 

The tumor clinic affords an excellent opportun- 
ity for'free discussion of the therapeutic procedure 
to be adopted in individual cases, and the end- 
results made available by the follow-up system 
allows a comparison of results. 


Perhaps it may seem to you that I have wan- 
dered considerably from the subject which I was 
asked to discuss, namely: “The Rdle of the Radi- 
ologist in the Cancer Clinic,” but to me it seemed 
necessary to state the fundamental principles in- 
volved in the management of a cancer clinic before 
attempting to answer the question—which, after 
all, can be stated in a few words. 

The position of the radiologist in the tumor or 
cancer clinic is that of any other members of the 
professional staff: that of a consultant. 

The physician in charge of the patient will make 
the final decision after he has received the advice 
of the various specialists connected with the clinic 
and the treatment accepted will be carried out 
by the physician or service to which the patient 
is referred; the physician should accept full re- 
sponsibility once the patient is placed in his hands. 
In other words, if after consultation and discussion, 
surgical treatment is believed to be the method 
of choice, the responsibility should be in the hands 
of the surgeon in charge. 

If, on the other hand, irradiation is considered 
the method of choice, the radiologist is responsible 
for its administration, and for the care of the 
patient during the time in which it is being 
administered. 

Any attempt to direct the surgical procedure by 
the radiologist or the radiological procedure by 
the surgeon can result only in confusion. 

Finally, the position of any specialist in the 
clinic depends to a large extent upon his ability, 
and his willingness to serve. 
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RADICAL SURGICAL TREATMENT FOR CARCINOMA 
OF THE CARDIAC END OF THE STOMACH 


JOHN H. GARLOCK, M.D., F.A.C.S., New York, New York 


N a recent communication I called attention 
to the fact that the renewed interest in the 
surgical treatment of cancer of the thoracic 
esophagus has centered attention on a prob- 

lem in abdominal surgery which has received little 
recognition in the past. I refer to carcinoma of the 
cardiac end of the stomach. In spite of rapid ad- 
vances in the diagnostic methods of roentgenog- 
raphy, esophagoscopy and gastroscopy, and im- 
provement in surgical technique, surprisingly few 
attempts have been made to extirpate cancer of 
the cardiac end of the stomach. The paucity of 
reports in surgical literature of this subject is 
noteworthy. Sustained interest in a subject such 
as the surgical treatment of cancer must be main- 
tained by repeated and continued reports of 
encouraging progress in the fight against this 
disease. With this in mind, I would like to sum- 
marize my experience with the surgical treatment 
of carcinoma of the cardia to date, enlarging 
somewhat on a few of the details reported in the 
paper already referred to. 

The cardia of the stomach may present consid- 
erable variation in size, shape, and position. In 
most individuals, the terminal one-half to three- 
quarters of an inch of esophagus lined by squa- 
mous epithelium, occupies an intra-abdominal 
position just below the diaphragm. It is known as 
the cardiac antrum. Operative experience has 
shown that the junction between esophagus and 
stomach is usually sharply defined and is indicated 
by an indentation on the greater curvature side, 
the incisura cardiaca. At the point of union with 
the esophagus, the musculature and mucous 
membrane of the stomach are thickened to form 
what I believe to be a cardiac sphincteric mechan- 
ism. Although the anatomy textbooks do not 
stress this point, I am convinced from clinical 
experience that the muscular thickening at the 
cardiac orifice acts as a sphincter to prevent regur- 
gitation of gastric contents into the lower esoph- 
agus. The pars cardiaca is that portion of the 
stomach at, and just distal to, the point of union 
with the esophagus. It extends to the greater 
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curvature side to include the upper part of the 
fundus. The cardiac orifice is usually situated at 
the level of the eleventh thoracic vertebra behind, 
and the seventh left chondrosternal junction in 
front. At the esophagocardiac junction, there is a 
sharp change in the histological characteristics of 
the mucous membrane. Above, the mucosa is of 
the squamous cell variety, while below, it assumes 
columnar characteristics. It is important to re- 
member therefore that carcinomas originating in 
the cardia assume the histological features of an 
adenocarcinoma in contradistinction to the squa- 
mous cell tumors arising in the esophagus. An 
adenocarcinoma of the cardia may grow upward 
along the lower esophagus for a considerable 
distance. The biopsy specimen obtained by 
esophagoscopy will always indicate the origin of 
the tumor. It is important to stress this point 
because on numerous occasions I have heard the 
statement made that the finding of an adenocar- 
cinoma in the lower esophagus often indicated 
malignant degeneration in misplaced gastric 
mucosa. This I believe to be completely inaccu- 
rate because a large operative experience has 
proved that every instance of adenocarcinoma of 
the esophagus has originated in the cardia or 
upper stomach. 

It is important to stress what direction the 
lymph node spread may take from cancers of the 
upper end of the stomach. In general, the initial 
spread is toward the nodes in the gastrohepatic 
omentum and those located along the greater 
curvature near the incisura. Involvement of the 
peripancreatic nodes may occur late in the disease. 
In general, it may be said that adenocarcinomas 
arising at the cardia spread peripherally below the 
diaphragm toward the gastrohepatic or gastro- 
colic lymph nodes, depending in part, upon the 
location of the tumor with respect to the lesser or 
greater curvatures. Extension above the dia- 
phragm to the nodes in the posterior mediastinum 
occurs not infrequently. Early metastatic involve- 
ment of the liver is a frequent finding. This is 
unpredictable and is dependent upon chance inva- 
sion of the gastric veins by tumor tissue with 
extension to the portal system. As with carci- 
noma elsewhere, the prognosis is materially al- 
tered when gross node involvement is demonstra- 
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TABLE I.—ESSENTIAL DETAILS OF THE CASES REPORTED IN THIS PAPER 
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mine operability 





would explore ab- 
domen first to deter 
mine operability 


showed involvement 





Associated lymph node: 
removed with tumor 
showed involvement 

Length of history and 
operability note- 





Lymph nodes showed 

















Extensive mediastina! 
node involvement 








Autopsy essentially 














Resected specimen 
showed extensive 
node involvement 


Loca- 
tion of a = Postoperative . } 
tomer Biopsy Operation complications Follow-up 
cm. 
4° Adeno- 10-13-39 Abdominal exploration, inopera- | None Died of disease 4 
carci- ble. months later 
noma 
39 Adeno- 10-19-38 Thoracic exploration, inope Fulminating Died on third day 
carci- rable, gastrostomy performed pneumonia at 
noma autopsy 
40 Adeno- 10-6-39 Transthoracic exploration, in- None Died 5 mos. later At present time, 
carci- operable. Gastrostomy performed 
noma 
38 Adeno- 5-21-40 Abdominal exploration, trans- None Well 18 months post- | One lymph node 
carcl- thoracic resection with anastomosis operative 
noma 
40 Adeno- 6-06-40 Abdominal exploration. Trans- None Well 17 months post- | No involved nodes 
carci- thoracic resection with anastomosis operative found 
noma 
39 Adeno- 3-7-40 Abdominal exploration, inoperable.| None Died of disease 3 
carci- Spivack gastrostomy mos. later 
noma 
40 Adeno- 6-28-40 Abdominal exploration, inopera- | None Died 4 mos, later of 
carci- ble disease 
noma 
35 Adeno- 12-28-40 Abdominal exploration, inopera- | None Died 5 mos. later of 
carci- ble disease 
noma 
38 Adeno- 10-25-40 Abdominal exploration, inopera- | None Died 3!» mos. later of} 
carci- ble. Janeway gastrostomy disease } 
noma 
39 Adeno- 6-28-40 Abdominal exploration, inopera- | None Died 6 mos. later of | 
carci- ble. Janeway gastrostomy disease | 
noma 
40 Adeno- 3-10-41 Abdominal exploration. Trans- None Well 8 mos. post- 
carci- thoracic resection and anastomosis operative 
noma 
40 Adeno- 4~1-41 Abdominal exploration. Trans- Coronary occlu-| Died suddenly on 
carci- thoracic resection and anastomosis sion on 6th 6th day 
noma day. Autopsy worthy 
40 Adeno- 5-5-41 Abdominal exploration, inoperable | None Still alive 
carci- 
noma 
39 Adeno- 1-26-39 Transthoracic resection and Cerebral em- Died on 3rd day 
carci- anastomosis bolus. involvement 
noma Autopsy 
39 Adeno- 1-29-38 Abdominal exploration. Inopera- | None Died of disease 2 
carci- ble. Janeway gastrostomy mos. later 
noma 
40 Adeno- 10-5-39 Abdominal exploration, inopera- | None Died of disease 3 
carci- ble. Janeway gastrostomy mos. later 
noma 
390 Adeno- 10-25-39 Abdominal exploration, chest None Died of disease 4 
carci- exploration, inoperable mos. later 
noma 
36 Adeno- 2-1-38 Janeway gastrostomy. Postoperative | Died 1 mo. later 
carci- 4-19-38 Chest exploration, inoperable pneumonia 
noma 
39 Adeno- 8-3-39 Transthoracic resection and Became coma- | Died on 4th day 
carci- anastomosis tose on 3rd negative 
noma day 
40 | Adeno- 6-20-39 Transthoracic resection and Developed Lived for 16 mos. 
carci- anastomosis ruptured lung| Died of extensive 
noma 7-2-39 Right thoracotomy for pyopneumo-| abscess of retroperitoneal 
thorax right lung metastases 
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TABLE I.—ESSENTIAL DETAILS OF THE CASES REPORTED IN THIS PAPER—Continued 
































Remarks 


This case is included 
in series for obvious 
reasons 





Leakage from small 
perforation of esoph- 
agus at site of 
operative injury. 

Suture line intact 





Approx- 
Patient} mate Loca- P . 
q duration] tion of : : ostoperative , 

. Sats Follow-u 
vn of tumor | Biopsy Operation complications Follow-up 
_ symp- cm. 

toms 
H.H. | 6 wks. 40 Hodgkin’s | 4-12-41 Abdominal! exploration, trans- None Doing well 7 months 
M. disease of} thoracic resection and anastomosis postoperative 
39 cardia 
M.F. | 5 mos 40 Negative | 5-14-41 Exploratory laparotomy, inopera-| Several severe | Still alive 
M. biopsy ble gastric hemor 
61 rhages 
M.B 3 Mos. 4o Adeno- 5-21-41 Exploratory laparotomy, trans Mediastinal Died on oth day 
M. carcinoma] thoracic resection and esophagogastros abscess and postoperative 
57 of cardia tomy peritonitis 
and lower 
esophagus 
p.4 3 Mos 40 Adeno 6-4-41 Abdominal exploration, inoperable | None Alive 
M carci- 
57 noma 
k.M 4 wks 30 Adeno- 8-60-41 Abdominal exploration, adherent | None Alive 
M carci- to pancreas, metastases to diaphragm 
55 | noma 




















ble at operation. However, this should not deter 
the surgeon from carrying out radical extirpation 
of the growth and all the associated lymph nodes. 
Follow-up studies have demonstrated that a not 
inconsiderable proportion of such cases have sur- 
vived the 5 year period. Metastatic involvement 
of the liver immediately classifies the case as 
inoperable. I do not believe that any patient with 
a resectable growth associated with hepatic in- 
volvement should be subjected to so extensive a 
procedure as a palliative measure. 

The symptoms produced by a neoplasm at the 
cardia of the stomach will, in large part, depend 
upon the exact site of origin of the tumor and the 
direction of this growth. Cancers arising at the 
cardiac orifice quickly interfere with the act of 
deglutition and produce symptoms of lower sub- 
sternal pain, especially on swallowing. These 
tumors usually extend upward to involve the 
lower esophagus. On the other hand, a tumor 
originating on the greater curvature side of the 
cardia, in the so-called silent area of the stomach, 
may produce no symptoms whatever until the 
growth has extended into the orifice itself. By the 
time dysphagia is noted by the patient, the carci- 
noma may very well have reached the inoperable 
stage. This type of case has been a factor in 
lending discouragement to active surgical treat- 
ment for cancers of the upper end of the stomach. 
However, it is important to emphasize that many 
of these patients may have persistent indigestion 
which resists medical treatment or that there may 
be an unexplained loss of weight. In such circum- 
stances, it is imperative that the physician avail 
himself of every diagnostic method to demon- 
strate the presence of a tumor in this region. In 


general, the symptoms will depend upon the 
proximity of the tumor to the stream of swallowed 
food and the size of the growth with respect to 
diminution of the caliber of the cardiac orifice or 
lower esophagus. 

In a number of instances, operative exploration 
has demonstrated extension of the growth beyond 
the wall of the stomach to the posterior parietes 
or to the body of the pancreas. These patients 
have complained of back pain usually located to 
the left of the midline at the level of the eleventh 
or twelfth thoracic vertebra. This symptom has 
generally occurred late in the disease. A careful 
evaluation of the symptom of persistent back pain 
is of considerable importance in estimating prob- 
able operability. 

An analysis of the cases reported in this paper 
indicates that loss of weight does not reach the 
extremes frequently seen in operable squamous 
cell carcinomas of the esophagus and that when 
great weight loss has occurred, the tumor, in all 
probability, will be found to be inoperable by 
reason of extensive node involvement or extension 
to the liver. The question of weight loss, there- 
fore, is of considerable importance to the surgeon 
in helping him to estimate operability. 

Malignant degeneration of a pre-existing benign 
ulcer at the cardia brings up the ever recurring 
debatable problem. There were 3 instances in this 
series of a long-standing ulcer history with relief of 
symptoms by the usual medical therapy, and, in 
one instance, the x-ray films, fortunately pre- 
served, taken 10 years ago, showed a small pene- 
trating ulcer at the lesser curvature side of the 
cardia. In the latter case, symptoms became more 
persistent in the last few months and did not re- 
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spond to medical treatment. While the clinical 
and pathological evidence of malignant degenera- 
tion of a pre-existing ulcer in these cases is more 
speculative than real, the course of events is cer- 
tainly most suggestive. 

The general examination of a patient suspected 
of harboring a cancer of the cardia rarely yields 
positive findings. Occasionally one may demon- 
strate an enlarged lymph node in the left supra- 
clavicular fossa, the Virchow node. Unusual hard- 
ness of this node or fixation to surrounding 
tissues is an indication for biopsy to demonstrate 
metastatic involvement. Rarely can one palpate 
the tumor on abdominal examination. Metastatic 
liver involvement may or may not be demon- 
strated by palpation. It is important not to omit 
rectal examination to exclude metastases to the 
rectal shelf. 

Every patient presenting the symptoms enume- 
rated should be referred to a competent radiolo- 
gist for roentgenographic visualization of the 
esophagus and stomach. In most instances, the 
presence of a tumor will be clearly demonstrated 
by the usual methods. The most common roent- 
genographic findings are obstruction of the lower 
esophagus, irregular filling defects at the cardia, 
rigidity of the lesser curvature on fluoroscopic ob- 
servation, and loss of the normal mucosal pattern. 
It may be extremely difficult to demonstrate any 
abnormality when the tumor is located on the 
posterior wall toward the incisura. Persistency on 
the part of the examiner with the aid of a heavier 
mixture of barium and the taking of multiple 
films in the lateral, oblique, reclining, and stand- 
ing positions will usually demonstrate the growth. 

Every patient presenting the symptom of dys- 
phagia, associated with positive findings in the 
x-ray films, should, in my opinion, be subjected to 
esophagoscopic examination. This is an impor- 
tant part of the complete work-up. The esopha- 
goscopist accurately locates the upper level of the 
tumor with respect to the distance of the upper 
incisor teeth and thereby guides the surgeon in his 
operative approach. Histological examination of 
the biopsy specimen will indicate whether the 
tumor has originated from the stomach mucosa, 
or from esophagus. I have preferred esopha- 
goscopy to gastroscopy because, with the former, 
more accurate visualization of the tumor may be 
obtained, and at the same time, a biopsy specimen 
may be secured. In the hands of a competent 
operator there is little difference in the risk of the 
two procedures. 

Once the decision to attempt radical extirpation 
of carcinoma of the cardia is made, a period of 
preparation for the ordeal is in order. In previous 


publications I have elaborated on the details of 
this pre-operative preparation and will not discuss 
them at this time. Suffice it to say that this should 
include careful attention to oral hygiene, a high 
caloric liquid diet, parenteral administration of 
vitamins, the administration of fluids by venocly- 
sis, recently, the use of intravenous amino acids 
both before and after operation, and a preopera- 
tive transfusion of whole blood. On the basis of 
our favorable experience with the preoperative 
administration of sulfanilamide in colonic surgery, 
as reported by Garlock and Seley, I have routinely 
administered this drug to patients with cancer of 
the cardia for 72 hours prior to operation. It is 
my impression that this drug has been a con- 
siderable factor in minimizing infection. The re- 
cent report by Seley and Colp, concerning the 
bacteriological studies in cancer of the stomach, is 
confirmatory evidence of this opinion. 

The demonstration of adenocarcinoma in the 
biopsy specimen will immediately indicate to the 
surgeon the plan of surgical attack to be adopted. 
There seems to be general agreement at the 
present time that the operation of choice for can- 
cer of the lower esophagus and cardiac end of the 
stomach is a left transthoracic, transdiaphragma- 
tic resection with intrathoracic esophagogastros- 
tomy. Any other operative procedure which is 
limited to an abdominal approach falls far short 
of the ideal sought for in the radical surgical treat- 
ment of cancer anywhere, namely, free exposure 
and complete visualization of the field of operation. 
However, because the lymphatic spread of cancers 
of the cardia is most often in a peripheral direction 
below the diaphragm, it is important to determine 
operability without exposing the patient unneces- 
sarily to the risks of a transthoracic exploration. 
For this reason, I suggested some time ago that 
exploration be carried out through a small upper 
left rectus incision. Palpation will quickly indi- 
cate whether the tumor is resectable. Metastases 
to the liver or to the pancreatic lymph nodes and 
fixation of the growth to neighboring vital struc- 
tures are contraindications to further surgery. 
Rarely, abdominal exploration willindicate opera- 
bility, yet, when the chest is opened, extensive 
mediastinal node involvement will be demon- 
strated. This, in my experience, is so infrequent 
that it may be considered only as a remote 
possibility. 

If the tumor seems resectable, the wound may 
be closed quickly with buried figure of eight stee] 
wire sutures and skin clips. The patient is now 
turned on his right side and, following a change in 
the operative setup, the left thoracic cavity is 
entered through the eighth interspace. Those 
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interested in the details of the operative procedure 
are referred to previous publications on the sub- 
ject. Briefly, the operation, considerably modified 
from the original Fischer and Sauerbruch pro- 
cedures, includes division of the eighth, seventh, 
and sixth ribs close to the spine, mobilization of 
the distal esophagus, radial incision of the left leaf 
of the diaphragm, mobilization of the upper two- 
thirds of the stomach by dividing the left gastric 
artery and the left gastroepiploic vessels, resection 
of the tumor-bearing portion with a wide margin 
of normal tissue, block dissection of the associated 
lymph nodes with the primary tumor, the per- 
formance of a two layer silk suture anastomosis 
between the end of the esophagus and the anterior 
wall of the stomach, and the telescoping of the 
esophagus into the stomach in order to obviate 
tension on the suture line. Under water drainage 
of the pleural cavity by a tube inserted through a 
stab wound in the subjacent intercostal space 
completes the operation. I believe it is important 
that every patient receive a transfusion during 
the course of the operation. In every case, I have 
employed positive pressure ethylene or cyclopro- 
pane anesthesia after a basal dose of avertin. 
Intratracheal anesthesia may also be used, pro- 
vided that the trauma of intubation is minimal. 

Reference should be made to the advisability of 
staging the operation so as to diminish the likeli- 
hood of operative shock. Marshall, in his case 
report in 1938, divided the operation into two 
stages. At the first operation, through an ab- 
dominal approach, the blood supply of the upper 
part of the stomach was ablated and the mobilized 
portion was pushed up into the posterior me- 
diastinum through the surgically enlarged eso- 
phageal hiatus. Approximately 2 weeks later, the 
second stage was performed and consisted of a left 
transthoracic resection with anastomosis. My 
objection to staging the operation in this manner 
is threefold. In the first place, during the first 
stage, it is impossible to demonstrate mediastinal 
node involvement; second, it is technically easier 
to free the upper end of the stomach by the trans- 
thoracic, transdiaphragmatic approach than from 
the abdominal side, and in addition, the entire 
field of operation is more clearly visualized; and 
third, operative shock has not been a factor in the 
causes of postoperative mortality. If bleeding is 
carefully controlled, if tissue trauma is reduced to 
a minimum and if the patient is transfused during 
the course of the operation, surprisingly little 
shock will be noted. The operating time for the 
one stage procedure has varied between 2 hours 
and 2 hours and 30 minutes. For the reasons 
stated, I prefer the one stage operation. 


~ 


Experience has proved that the operation of re- 
section of the upper stomach with intrathoracic 
esophagogastrostomy is physiologically sound and 
that solid healing takes place at the site of suture. 
Including a group of squamous cell cancers of the 
distal esophagus, I have carried out this operation 
in 16 cases and in not one instance has there been 
any evidence of dehiscence of the suture line or 
leakage. I, therefore, see no reason for employing 
any of the complicated procedures to protect the 
suture line such as were recently reported and 
which were based only upon observations made in 
the experimental laboratory. 

Before the operation is undertaken, it is impor- 
tant to explain to the patient that he must not 
swallow for a period of 4 or 5 days. The processes 
of repair at the suture line will be hastened by the 
full co-operation of the patient in this respect. 
Fluids are administered by a continuous intra- 
venous drip of 5 per cent glucose in normal saline. 

The character of the material draining through 
the intercostal tube will indicate the progress of 
the intrathoracic situation. During the first 48 
hours, the fluid is sanguineous. After this, it 
gradually assumes a lighter color and decreases in 
amount until the seventh or eighth day when the 
tube may be removed. 

Small sips of water may be given on the fourth 
or fifth day. Increasing amounts of liquid are 
given until the twelfth or thirteenth day when 
custards, gelatins, cereals, etc., are permitted. The 
diet is rapidly increased thereafter. Solid food 
should not be given until the third week. 

As with adenocarcinoma of the rest of the gas- 
trointestinal tract, the results of radiation therapy 
have been extremely disappointing. Even the 
direct exposure of the tumor by the use of a special 
intragastric tube, as reported by Pack and others 
has failed to show results sufficiently encouraging 
to warrant substituting this method of treatment 
for direct surgical attack. Unless obvious contra- 
indications exist, I believe every patient with a 
cancer of the upper end of the stomach should be 
explored to determine operability. If this plan is 
followed, it is obvious that many more successful 
resections will be carried out. 


RESULTS 


During the past 4 years, I have explored 25 pa- 
tients with adenocarcinoma of the cardiac end of 
the stomach. Nine were found operable, an opera- 
bility percentage of 36. There was no operative 
mortality in the inoperable group. Nine patients 
were subjected to the radical operation. There 
were 4 postoperative deaths, an operative mortal- 
ity of 44.4 per cent. Of the 5 survivors, 1 patient 
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died of retroperitoneal metastases 114 years after 
operation. The 4 remaining patients are alive and 
well (no evidence of recurrence) 18 months, 17 
months, 8 months, and 7 months, respectively. 
The essential details of the entire series are tabu- 
lated in Table I. 


SUMMARY AND CONCLUSIONS 


Until recently, cancer of the upper end of the 
stomach was generally considered beyond the 
scope of radical surgery and patients afflicted with 
the disease were placed in the hopeless group. 
With the development of the more accurate diag- 
nostic procedures of roentgenography, esophagos- 
copy, and gastroscopy, an increasing number of 
patients in the early and perhaps curable stages of 
the disease is being referred for treatment. 
Whether such treatment should be by radiation 
methods or radical surgical extirpation, should, in 
my opinion, be a matter of little discussion. The 
results of radiation therapy of the most modern 
type have been universally disappointing and no 
cured case has, thus far, been recorded. On the 
other hand, with the modern improvements in 
surgical technique and recent advances in the 
field of anesthesia, surgery has much more to offer 
the patient harboring this disease. On the basis 
of the experience cited in this paper and in others 
already published, the patient with a resectable 
cancer of the upper end of the stomach has a 60 
per cent chance of surviving the operation and an 
80 per cent probability of living more than 2 
years. It remains for the medical profession to be 
alive to the possibility of the existence of a cancer 


of the cardia in every patient who complains of 
persistent indigestion and difficulty in swallowing 
and to accept the operation of transthoracic re- 
section with esophagogastrostomy as a standard 
procedure, one which offers the patient the best 
chance of being cured of his disease. 
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TRENDS IN CANCER RESEARCH 


CARL VOEGTLIN, Ph.D., Bethesda, Maryland 


N behalf of the National Cancer In- 
stitute, I wish to acknowledge our in- 
debtedness to the American College 
of Surgeons, first, for improving the 

standards of tumor clinics, which has been of 
great value to us in the effective distribution of 
radium loans and in the provision of free training 
for physicians in diagnosis and treatment!, and 
second, for having kept alive the constructive 
interest of the medical profession and laity in the 
cancer problem. 

Trends in any field of research change with 
time as new facts are discovered. Up to the end 
of the last century cancer research was confined 
to descriptive observations on cancer in man. 
Isolated reports of cancer in other mammals were 
ignored. Speculation was rampant as to causa- 
tion. A remarkable exception was the keen ob- 
servation of Percival Pott who, in 1775, recog- 
nized the possible relationship of coal soot and 
cancer of the scrotum in chimney sweeps. A 
century later, Virchow’s hypothesis focused atten- 
tion on the tissue cells, which were supposed to 
undergo malignant transformation as a result of 
“chronic irritation.” Subsequent modifications 
of the cell theory attributed cancer to embryonic 
cell rests or to abnormal conditions during regen- 
eration of injured tissues. With the recognition 
of the parasitic origin of certain diseases, the 
search for a specific infectious agent for cancer 
was let loose and to some extent has continued to 
this day. In retrospect it is clear that each one 
of these attempts to explain the causation of can- 
cer had the weakness of oversimplifying the prob- 
lem. At last, at the end of the nineteenth century, 
Claude Bernard’s plea for controlled experimenta- 
tion was applied to the cancer problem. As a 
result a large number of new facts have been dis- 
covered. The following discussion is restricted to 
mammalian neoplasms. 

The first important conclusion reached from 
experimental work is the high specificity of malig- 
nant cells. Each one of the many types breeds 
true in vivo and in vitro. For instance, a mam- 
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mary carcinoma of the mouse transplanted into 
other susceptible mice reproduces itself in an un- 
limited series of generations. Furthermore, many 
types of malignant cells have been maintained in 
tissue culture for years without losing the ability 
to produce the specific tumors after being inocu- 
lated into the same strain of animals from which 
they were derived. The maintenance of such cul- 
tures over a long time requires an aseptic tech- 
nique which is more strict than that used in sur- 
gery. The slightest infection as a rule causes the 
loss of cultures. It is difficult to bring these and 
other facts into harmony with the view that 
mammalian cancers are due to a specific infectious 
agent, especially since it has not been possible to 
isolate such agents from any tumors. Moreover, 
numerous attempts to produce curative serums 
without exception have failed. On the other hand 
it is established, both clinically and experiment- 
ally, that certain parasitic infections can predis- 
pose tissues to the development of cancer, but it 
should again be emphasized that these parasites 
do not play a specific réle and are not detectable 
in the resulting neoplasms. 

Basing their investigation on Pott’s observa- 
tion, Yamagiwa and Ichikawa in 1915 announced 
the production of skin cancer in rabbits by the 
long continued topical application of coal tar. 
This important discovery shifted the trend of 
cancer research into the field of chemistry. 
Through painstaking work a highly potent car- 
cinogenic chemical, 3, 4-benzpyrene, was isolated 
from coal tar. At present the carcinogenic prop- 
erties of about 250 synthetic chemicals have been 
recognized. Some of these, as 20-methylcholan- 
threne, have been extremely valuable for the ex- 
perimental production in animals of almost every 
type of malignant tumor seen in man. Fractions 
of a milligram of this compound can produce 
malignant tumors at the site of injection or in 
distant organs. 

The ease of chemical carcinogenesis has thrown 
much light on tumor histogenesis under controlled 
conditions (3, 6, 7). Morphologically recognizable 
tissue injury may occur but does not necessarily 
precede tumor formation. As exceptions, I men- 
tion induced as well as spontaneous pulmonary 
and mammary tumors. In fact, the term “chronic 
irritation,” while still of value for cancer-control 
education, has outlived much of its scientific use- 
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fulness in cancer research. The conversion of 
normal into malignant cells is apparently due to 
changes which are far too subtle to be analyzed 
exhaustively by the available histologic methods. 
Even the most refined cytologic technique at 
present fails to differentiate malignant cells from 
the cells of origin. After all, what we see through 
the microscope is only an infinitesimal part of 
what is present and going on in living cells. For 
this reason I have maintained for some years that 
carcinogenesis, as well as other fundamental can- 
cer problems, should be attacked from the view- 
point of cell physiology and biochemistry, for we 
are dealing with a fundamental biological problem. 

Work with chemical carcinogens has firmly 
established the fact that tumors appear only after 
a relatively long latent period, which depends on 
the type, dose, and method of administration of 
the chemical, the animal species and strain, and 
the sex (2). The great value of animals with a 
relatively short life span of 2 to 3 years, such as 
mice and rats, may well be due in part to the 
rapidity of aging, which may be assumed also to 
speed up the cancer process. The physiological 
time factor is certainly important in human and 
animal carcinogenesis. Therefore, a better under- 
standing of carcinogenesis will go hand in hand 
with a better understanding of the process of 
aging of which we know relatively little. 

Another remarkable fact is the ease with which 
such a powerful chemical as methylcholanthrene 
can produce malignancies in a great variety of 
tissues, as the brain, skin, striated muscle, sub- 
cutaneous tissue, lung, et cetera. This lack of 
specificity with regard to the cell type involved 
deserves further study. It is, indeed, exceedingly 
important to explain the intricate mechanism of 
action of methylcholanthrene on any normal cell 
type which is known to be convertible into the 
malignant state. Work on this subject has been 
in progress for some time at the National Cancer 
Institute and elsewhere. We have found, for in- 
stance, that prolonged exposure of cultures of 
normal subcutaneous mouse fibroblasts to high 
dilutions of methylcholanthrene causes appar- 
ently permanent changes in cell physiology, com- 
parable with those observed in cultures of sar- 
comas induced by methylcholanthrene in the sub- 
cutaneous tissue of mice of the same strain (4). 
Efforts are being continued to prove that car- 
cinogenesis can take place in vitro. Positive re- 
sults would be of great theoretical interest, since 
this would indicate that carcinogenesis does not 
depend on favorable systemic conditions, but can 
be explained by a direct interaction between car- 
cinogen and cell. 





Recently some progress has been made in the 
study of the dietary factor in the production of 
induced tumors. Tissue cells are highly organized 
biochemical units. Their normal function de- 
pends partly on a continuous supply of energy- 
yielding chemicals and of other chemicals which 
are needed for the construction of cell proteins, 
lipids, and carbohydrates, or for the regulation of 
cell activity, as enzymes and vitamins. Hence it 
is logical to consider the composition of the diet 
as a possible modifying factor in carcinogenesis. 
Some years ago, we (19, 20) showed that the 
growth rate of spontaneous mammary carcinomas 
in mice could be strikingly inhibited by diets de- 
ficient in certain essential amino acids. This in- 
hibition of tumor growth was not accompanied by 
any evidence of general malnutrition. Recently 
other workers found that the development of 
hepatomas in rats induced by the azo dye, butter 
yellow, can be considerably delayed by certain 
diets (16). Work at our Institute (23) has also 
shown that the response of mice to skin painting 
with methylcholanthrene is strikingly influenced 
by the composition of the diet. If the diet con- 
tains an adequate amount of the amino acid, 
cystine, the mice develop acute leucemia with 
great regularity. On a low cystine diet, however, 
the development of leucemia is greatly retarded, 
and instead the mice exhibit extensive sclerotic 
lesions of the larger arteries. 

Butter yellow and methylcholanthrene are 
toxic for young rats maintained on a diet low in 
cystine. The growth rate is strikingly inhibited 
and is accelerated as soon as cystine is added to 
the diet (22, 24). Dietary cystine may be re- 
garded as a detoxicating agent for the two chem- 
ical carcinogens in question. Hepatoma formation 
by butter yellow is accompanied by severe liver 
injury and liver cirrhosis, which may or may not 
be a requisite for hepatoma formation (5). It is 
not easy, therefore, to differentiate the specilic 
carcinogenic action from the nonspecific toxicity. 
Similar work on spontaneous tumors has also 
yielded results indicating a dietary influence.' 

It has been suggested that abnormal diets may 
play a part in the causation of gastrointestinal 
tumors, an idea which at least has the merit of 
stimulating research. Roffo reported that rats 
which are maintained for a long time on a diet 
containing boiled fats develop gastric adenocar- 
cinoma. Careful work at our Institute so far has 

1Drs. White and Andervont, of this Institute, recently made the fol- 
lowing observations. Virgin C3H mice when 4 weeks of age were di- 
vided into 2 groups. One group was fed a relatively low protein-low cystine 
diet and the other a relatively low protein-high cystine diet. At the 
end of 10 months all mice on the high cystine diet had developed spon- 


taneous mammary tumors, whereas at 15 months none of the mice on 
the low cystine diet had mammary tumors. 
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not confirmed this claim. On the other hand, we 
have succeeded in producing for the first time 
gastrointestinal carcinoma in mice by means of 
methylcholanthrene (15). The forestomach of the 
mouse is lined by squamous epithelium and the 
rest of the organ by glandular mucosa. Sponta- 
neous gastrointestinal tumors have never been 
observed in the mice used. At first the carcinogen 
was given continuously to the mice as a dilute 
emulsion in the drinking water. After many 
months there occurred squamous cell carcinomas 
in the forestomach, whereas the glandular portion 
was normal. Some of the animals also developed 
typical carcinoma of the small intestine (13). 
This curious susceptibility to malignant change of 
gastric squamous epithelium and the apparent 
lack of susceptibility of the gastric glandular 
mucosa must be explained. Can it be due to the 
inability of the carcinogen to penetrate into the 
gastric mucosa? To test this, a small volume of a 
dispersion of methylcholanthrene was injected 
into the glandular mucosa of mice of the same 
strains. Up to the present five typical adenocar- 
cinomas have thus been produced at the site of 
injection. One of these tumors has been success- 
fully transplanted subcutaneously into other 
mice. The transplants grow rapidly, and the 
tumors have retained their histological structure 
in two generations. To me the most interesting 
point is the probability that the layer of gastric 
mucus functions as a protective barrier when the 
carcinogen is given orally. If this be true, it 
follows that the production of gastric adenocar- 
cinoma by carcinogenic dietary components, if 
such exist, may be conditioned by a break in the 
mucus barrier under pathological conditions. 

The discovery of the artificial chemical car- 
cinogens is a milestone in cancer research as it has 
made possible the experimental production of 
tumors under controlled conditions. Neverthe- 
less, the great unsolved problem still is the causa- 
tion of so called spontaneous neoplasms. The 
ease with which the artificial agents produce 
tumors strengthens the belief that the naturally 
occurring tumors are caused by chemicals formed 
within the body. In fact, it is firmly established 
that very large doses of female sex hormones act- 
ing over a long time can induce malignant tumors 
of the breast and uterus in mice and rats. Fur- 
thermore, experiments with different inbred 
strains of mice have revealed a unique influence 
of the mother’s milk on the development of mam- 
mary cancer in the offspring (1). Foster nursing 
of newly born female mice from a strain with a 
normally high tumor incidence by a mother of a 
low tumor strain strikingly decreases the tumor in- 


cidence in the foster nursed animals. On the 
other hand, foster nursing of young females from 
a strain with a normally low tumor incidence by a 
mother of a high tumor strain greatly increases 
the tumor incidence in the fostered mice. Work on 
the nature of the agents responsible for these 
effects is in progress at our Institute, as is also 
the question as to whether or not the findings 
apply to human mammary carcinoma. 

Mention may now be made of recent claims of 
the carcinogenic action of cell free extracts of 
tissues and of urine from cancer patients. This 
work is based on the-assumption that as a con- - 
sequence of abnormal metabolism endogenic sub- 
stances exert a carcinogenic action. The first 
report in this field was made by the Russian 
scientist Shabad (12). He extracted grossly nor- 
mal livers of individuals dead from cancer of the 
stomach, lung, and other organs, with benzene, 
since benzene is a good solvent for many car- 
cinogenic hydrocarbons, sterols, and bile acids. 
After evaporation of the benzene extract the resi- 
due was injected subcutaneously into mice. This 
caused local tissue destruction and killed some of 
the animals. Malignant tumors were observed 
after 8 months or longer, both at the injection 
site and in distant organs. Few tumors also 
occurred in nontreated control mice. Similar re- 
sults have been reported by British and American 
investigators. Taken as a whole, these findings 
should be accepted with considerable caution. 
While there is no doubt that malignant tumors 
were observed, it is premature to accept this 
evidence as conclusive proof for the existence of 
endogenic carcinogenic chemicals in cancer pa- 
tients. Most of the tumors appeared after a very 
long latent period and in a relatively low percent- 
age of injected animals. Sesame oil was used by 
some as a solvent, an oil which is known to cause 
subcutaneous sarcomas occasionally. Other work- 
ers used a rather drastic chemical method for the 
preparation of the test material, which leaves 
some doubt as to whether the carcinogenic ma- 
terial was preformed. Final proof must wait, 
therefore, until the agents are isolated in chemi- 
cally pure form and until it is shown that the 
alleged active compounds occur in the body in 
sufficient concentration and can act over a suffi- 
cient time to induce tumors. This line of investi- 
gation serves as an illustration of the great effort 
and time required to establish fundamental facts 
in cancer research. 

Brief mention should now be made of work de- 
signed to explain the difference in behavior of 
malignant and normal cells. Here again the 
biochemical approach seems to be advantageous 
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since it is reasonable to suppose that the difference 
in behavior may be due to differences in bio- 
chemical organization. One of the chief difficul- 
ties is the availability of a suitable control tissue 
for a given tumor (17). We have recently used 
with some success the normal and regenerating 
liver of the rat for comparison with a rat hepa- 
toma. The regenerating liver serves as a com- 
parison of a proliferating normal tissue with the 
proliferating liver tumor. The results so far ob- 
tained indicate that the tumor is characterized by 
a high anaerobic and aerobic lactic acid produc- 
tion and a respiratory quotient below unity’, by 
a very low content in riboflavin (10) and coenzyme 
(11), bya great reduction in glycogen (6) with an 
apparent unchanged amylase activity, and, most 
striking, by a reduction in the catalase activity to 
one one-thousandth of that of the normal control 
tissues (g). The activity of some other enzymes 
seems to be unchanged. In short, it appears that 
some of the important enzymatic activities of the 
tumor show marked decreases, which may per- 
haps account for the specific tumor biology. It is 
evident that whatever differences have been found 
are of a quantitative, not a qualitative nature. 
Another line of inquiry which in the past has 
been ignored deals with the systemic influence 
of cancerous growth as evidenced by cancer 
cachexia. Here again biochemistry may be help- 
ful?. I have just referred to the great diminution 
of catalase in the rat hepatoma. Work at the In- 
stitute has shown that the catalase activity of the 
morphologically normal liver of rats carrying a 
large subcutaneous hepatoma transplant is re- 
duced to less than one-tenth of that of the liver 
catalase of a normal rat. This effect is easily 
reversible, because after extirpation of the tumor 
the liver catalase returns to normal within 48 
hours (8). Since catalase functions in the chain 
of oxidative reactions in tissue metabolism, it is 
rather interesting to find a very great reduction in 
catalase activity in the hepatic tumor and a 
lesser decrease in the apparently normal liver of 
the tumor-bearing animal. Unpublished data in- 
dicate that this decrease in liver catalase occurs 
also with other rapidly growing malignant tumors. 
Further studies may lead to information of use 
for correcting the pathological cancer metabolism. 
As to research on diagnosis and treatment, I 
must refer to my Barnard lecture of a year ago (18). 
1Work carried out in the Department of Biochemistry, Cornell Medical 
Se orhe first indication of a systemic biochemical action of the growth 
of two malignant tumors was reported some years ago (21). It was found 
that the nonprotein sulfhydryl compounds in certain tissues of the 


tumor-bearing animals showed a progressive decrease with increasing 
tumor growth. 


CONCLUSION 


In conclusion, I have tried to formulate some 
phases of cancer research and to report in a gen- 
eral way on the progress which is being made. 
Emphasis has been placed on the study of car- 
cinogenesis, since hope of preventing cancer, not 
only the so called occupational but also the spon- 
taneous neoplasms, must be based on such studies. 
I have also stressed the importance of work aiming 
at a better understanding of the behavior of can- 
cer cells in comparison with the normal cells of 
origin. Great difficulties are met in the study of 
these problems in human beings. The limitations 
of purely morphologic studies were mentioned and 
the value of a physiologic and biochemical ap- 
proach was pointed out. The outlook is good for 
further progress from combined laboratory and 
clinical research. Under present world conditions, 
the main responsibility for such studies for years 
will rest on American investigators. 
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THE IMPORTANCE OF A COMPLETE DIAGNOSIS TO. 
A SUCCESSFUL TREATMENT OF STRABISMUS 


JAMES WATSON WHITE, M.D., New York, New York 


S in all branches of medicine, a complete 
diagnosis must be made before an intelli- 
gent course of treatment can be instituted 
with any hope of a successful termina- 

tion. The day is past when convergent strabismus 
can be considered always due to hypermetropia 
and a divergent strabismus due to myopia or to a 
so called anomalous position of rest. 

A divergent strabismus is not uncommon in a 
high hyperope, nor is a convergent strabismus un- 
common in a myope of even a low degree. 

A vertical strabismus may be seen occasionally 
without an elevator or depressor being involved— 
in other words, due to an anomaly of sursumver- 
gence—but in my experience this is most unusual. 

The usual observation is that a large percentage 
of cases of lateral strabismus have a vertical ele- 
ment, which is a varying factor in the develop- 
ment of the lateral squint. 

A certain number of cases of convergent strabis- 
mus of the convergence excess type are corrected 
completely by a full correction of the hypermetro- 
pia, augmented if necessary by orthoptic training, 
but many cases of low or high degree of hyper- 
metropia are but little, if any, affected by a cor- 
rection of the ametropia. Many patients are seen 
with a hypermetropia of low degree and a strabis- 
mus of 60 to 80 prism diopters; or again, with a 
hypermetropia from 2 diopters up, in which a full 
correction of the ametropia has really no apprecia- 
ble effect on the strabismus. Discussion of the 
various theories has continued many years but our 
patients come and go while we are trying to find 
one solution to the whole problem as to diagnosis 
and treatment, be it operative or nonoperative. 

I must quote again from McReynolds, of Dal- 
las, who said in my hearing, “Every ophthalmol- 
ogist who has ever had insomnia has devised a new 
operation or modification of a former procedure 
for the surgical correction of convergent strabis- 
mus, and, furthermore, every ophthalmologist has 
at some time had insomnia.” 

I believe that the unsatisfactory results from 
operations and the unsuccessful search for one pro- 
cedure that will be generally adopted for the cor- 

Presented in the symposium, Surgery of Heterophoria and 


Heterotropia, before the Clinical Congress of the American College 
of Surgeons, Boston, November 3-7, 1941. 


rection of squints are due to the failure of the 
operator properly to determine and evaluate the 
several factors that may enter into the production 
of any given squint, and that nonsurgical or surgi- 
cal treatment will vary as the exact type of strabis- 
mus varies. This statement includes convergent, 
divergent, and vertical squints and any combina- 
tion of these. 

Stated briefly, the various factors entering into 
the production of squints are: 

1. An anomaly of one or more of the individual 
muscles. This may be from a faulty structure of 
the muscles, from a faulty insertion of the muscles 
or from a faulty innervation. Each of these may 
have an added anomaly due to secondary contrac- 
ture, secondary deviation, or to a primarily over- 
acting muscle, as is occasionally seen in the large 
hypertrophic muscles. 

Hence any squint should be studied first as to 
the possibility of an anomaly of any of the extra- 
ocular muscles. 

2. The disjunctive acts of convergence, diver- 
gence, and sursumvergence. 

Given a case of convergent strabismus in which 
individual muscle involvement has been elimi- 
nated, is the deviation greater for distance than 
for near? If greater for distance, it proves quite 
conclusively a primary divergence insufficiency, 
but if it is greater for near, it is primarily a con- 
vergence excess. If it is determined to be a con- 
vergence excess, is it due to hypermetropia, myo- 
pia, to a vertical imbalance, or may it be due to 
some systemic cause, as chorea, or even a lesser 
nervous irritation? 

If a divergent strabismus is present and again 
the individual lateral muscles are normal, is the 
deviation greater for distance than for near? If 
greater for distance, it is a primary divergence ex- 
cess, but if greater for near, it is primarily a con- 
vergence insufficiency. In either case, is the con- 
dition caused or modified by the kind or amount 
of ametropia or may an associated vertical im- 
balance be a main or contributing factor? In a 
conversation with F. W. Marlow, I stated that I 
believed that over 70 per cent of cases of diver- 
gence excess had a vertical anomaly. He had sta- 
tistics to prove that nearer 85 per cent were so 
complicated. My experience is that most cases of 
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anomalies of sursumvergence are primarily due to 
a vertical anomaly of another variety. 


TESTS 


Examination should include tests to determine 
deviation for distance and for near. At some 
time in the examination, these tests should be 
made with and without any ametropia being cor- 
rected. The effect of complete cycloplegia should 
be noted, also the correction of any vertical anom- 
aly. The deviation should be measured in the 
6 cardinal fields and, if a strabismus, the fixing eye 
in each field should be determined. The power of 
convergence should be studied and it should be 
determined whether this is affected by correction 
of an ametropia or vertical imbalance. The pres- 
ence and degree of binocular fixation or suppres- 
sion should be determined. The history of heredity, 
illness, birth, or other injuries should be investi- 
gated. Not the least of the contributing factors 
is the nervous mechanism of the patient. 

Squints may be caused by chorea, hysteria, and 
other neurological conditions. If it is possible for 
these to be the sole cause, how probable it is that 
they may be a contributing factor, when hyperme- 
tropia, myopia, astigmatism, or any of the afore 
mentioned causes are present. Very frequently 
the convergent strabismus is worse when the pa- 
tient is ill, overtired, or excited; or a divergent 
strabismus is noticed only when a child is “day 
dreaming.” 

When one has clearly in mind the things to be 
observed, the method of testing may be quite op- 
tional. It is unnecessary to state that my prefer- 
ence is for the cover test with the amounts of 
deviation measured by prisms. It is purely an 
objective test, can be used in any patient who has 
vision enough or is old enough to fix any chosen 
object, and it depends solely on the examiner’s 
understanding of muscle anomalies and upon his 
powers of observation. 


TREATMENT 


After consideration of a patient with these dif- 
ferent factors in mind and with some estimation 


of their relative importance in producing the given 
squint, treatment can be intelligently begun. 

If, for example, glasses definitely lessen the stra- 
bismus almost at once, one is encouraged to ex- 
pect a continued improvement, but if they have 
little or no effect within a month, then another 
factor is present which has not been given its due 
importance. This may be any one or more of the 
causes stated previously. Orthoptic training is in 
some cases a most helpful adjunct, but when or- 
thoptic training is prescribed to a majority of 
patients with heterotropia, it is done through ig- 
norance or dishonesty and may do much harm. 
Orthoptic training has a larger field in heteropho- 
ria, but even here the field of usefulness is defi- 
nitely limited. 

As soon as the ophthalmologist has determined 
that the results from different forms of nonopera- 
tive treatment are not giving the desired results 
or knows from experience that any form of non- 
operative treatment will be a disappointment and 
expense, then surgery should be considered and 
the sooner the better. 


SUMMARY 


1. An examination should be made as soon as a 
muscle anomaly is observed or suspected. 

2. If it is impossible to make an exact differen- 
tial diagnosis at once, the patient should be re-ex- 
amined at intervals until such diagnosis is made. 

3. The effect of various methods of treatment 
should be observed, by using those that will most 
probably prove the points in question. 

4. These methods include consideration of the 
effects of cycloplegics, correction of an existing 
ametropia, correction of a vertical imbalance, and 
the results of the fusional tests and orthoptic 
training. 

5. Acomplex either of inferiority or of defense 
commonly develops in cases of strabismus and 
often at a very early age. 

6. When a patient so studied fails to respond 
satisfactorily to any probable nonoperative treat- 
ment, surgery should be considered and before 
school age unless there isa definite contraindication. 
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SURGICAL MANAGEMENT OF HETEROPHORIA 


DERRICK VAIL, M.D., F.A.C.S., Cincinnati, Ohio 


ETEROPHORIA may be defined as a 
break in the amplitude of fusion, or 
the decompensation of muscle balance 
is maintained by fusion and the neuro- 

muscular mechanism. Having diagnosed the pres- 
ence and type of a phoria, the question of treat- 
ment presents itself. The diagnosis and the medi- 
cal treatment with glasses, prisms, and orthoptic 
exercises, is not the function of this assignment. 
These most important points have been or will 
be discussed in the symposium. But it is neces- 
sary to emphasize that the decision to operate 
rests squarely on them. The analysis of the in- 
dividual case is the prime requisite of surgical 
judgment. Success or failure in ocular muscle 
surgery particularly, depends entirely on the ac- 
curacy of our presurgical study and conclusions. 

Lancaster said “the two things for which we 
strive in operating are, first, a position of ortho- 
phoria since, other things being equal, the nearer 
the eyes to a position of orthophoria, the less the 
task of the neuromuscular mechanism in main- 
taining binocular vision; second, an effective range 
of fusion, this being, if possible, even more im- 
portant than the former. A neuromuscular mecha- 
nism, for example, may be made to produce an 
orthophoria by so shifting the position of the eyes 
in the orbits that approximately the same working 
of the controls will now result in orthophoria be- 
cause the eyes start from a position nearer the 
ideal one. The idea that the purpose of operating 
on the ocular muscle is to weaken or to strengthen 
some muscle which is too strong or too weak is un- 
sound physiologically.” 

Having concluded that operation is necessary, a 
conclusion often arrived at only after repeated 
interval observations, two questions arise: (1) when 
to operate, (2) what to do and how much. 

The first question can be simply answered. I 
think that one should operate when a phoria 
produces symptoms that can be relieved in no 
other way, provided that there is some degree of 
fusion power available and capable of being in- 
creased in its amplitude. This is particularly ap- 
plicable to hyperphoria when it may happen that 
the patient has not suppression of the false image 
but it does not cause trouble because it is so far 
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from the true image. The more closely the false 
image is approached to the true one without fusion 
the more annoying it becomes. Such patients are 
not grateful. 

The age of the patient, I believe, makes little 
difference although it seems wise to overcorrect 
an exophoria and undercorrect an esophoria in the 
very young (under 8 years). It has been my ex- 
perience that adduction decreases and abduction 
increases with age. Phorias, particularly of high 
degree, may easily develop into tropias without 
the child complaining. It is easier to learn sup- 
pression when very young and when the fusion im- 
pulse is not as strong as it is later. Older children 
and particularly adults, complain of diplopia, oc- 
casionally for a long time, when fusion decom- 
pensation occurs. Such decompensation may oc- 
cur as the result of age, illness, or fatigue. The 
learning of suppression takes much longer in these 
cases and for that reason the adult himself seeks 
relief from the annoying diplopia. 

The second problem, what to do surgically, 
and how much, is more difficult of solution. I 
shall leave to our distinguished South American 
confrére, Dr. Alvaro, the task of describing the 
modern surgical techniques employed in squint, 
since these maneuvers are the same for the phorias 
as for the tropias, with few exceptions. The choice 
of the type of operation is that with which the 
surgeon is thoroughly experienced and skilled. 

Since the object of surgery in the phorias is to 
facilitate fusion, it is not necessary to do as much, 
I think, as in the tropias. In other words, it seems 
better to do too little than too much. Although 
with modern materials and techniques the chances 
of sutures slipping and making matters worse are 
not nearly as great as hitherto, such cases do occur 
and must be guarded against. For this reason it 
would seem better to restrict the operations to 
recession or at least controlled or partial tenotomy 
for lengthening, and tucking or the O’Connor 
cinch operations for shortening. 

The choice of an anesthetic is that of individual 
opinion. Many prefer local anesthesia, injecting 
the anesthetic well back into the belly of the 
muscle in the orbit in order to obviate, if possible, 
the annoying edema of the muscle at its attach- 
ment. A general anesthetic, particularly when 


given through an intratracheal tube thereby free- 
ing the field of cumbersome masks, appears to be 
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ideal for all ages, provided, of course, that there 
are no contraindications. 

Whatever operation is done must be done me- 
ticulously. The various steps of the operation 
from the conjunctival incision to its final closure 
must be methodical, painstaking, and surgically 
precise. Tenon’s capsule must be preserved as 
far as possible, the muscle and tendon bruised as 
little as is necessary and the wound closed com- 
pletely if one wishes to avoid postoperative trouble. 

Since we are dealing with living tissue and not 
mathematic figures the problem of just how much 
to do is indeed a thorny one. Many times it 
appears to be solved only by intuition based on 
many years of bitter experience. The causes of 
failure are many and discouraging, but if a proper 
analysis of the case has been made, particularly 
the investigation of hyperphoria, the percentage 
of failures will necessarily decrease. Too often is 
the presence of hyperphoria missed. It is much 
more common than thought, as can be seen by the 
analysis of 1,955 cases of ocular motor anomalies 
by White and Brown, who found that 36.6 per 
cent had an accompanying vertical anomaly. They 
concluded: 

“In uncomplicated convergence excess with either a 
lower or a higher degree of hypermetropia, a double re- 
cession will give a most satisfactory result. However, when 
a vertical imbalance is present, the same amount of re- 
cession for an equal amount of lateral squint may result 
occasionally in undercorrection but more frequently in 
overcorrection, about as much as the original squint. This 
result may be delayed or it may develop immediately after 
operation. ; ; 

“In uncomplicated divergence excess with a normal con- 
vergence near-point, a conservative recession of one or 
both external rectus muscles gives a good result. In the 
presence of a vertical imbalance, there may be an under- 
correction, but much more probably a marked overcorrec- 
tion. 

“In convergence insufficiency with secondary divergence 
excess, or when the divergence excess.is primary, one can 
judge the operative results accurately when there is no 
vertical imbalance. But in the presence of a complicating 
hypertropia, the same amount of recession or resection may 
result in a definite overcorrection, but much more probably 
there will be an undercorrection of the lateral deviation. 

“These failures will become less frequent if the vertical 
imbalance can be corrected before the lateral imbalance.” 

Certain general rules have been laid down by 
the experience of others in an effort to determine 
what to do in average cases. A table of such rules 
can be found in Spaeth’s Principles and Practice 
of Ophthalmic Surgery; because it will be found 
useful as a starting point it is worthy of emphasis. 

The rules for hyperphoria must be briefly and 
vaguely stated. It is agreed that surgery should 
be directed to the hypophoric eye, although it 
may be necessary to divide this between the two 
because of a great degree of hyperphoria. It 


TABLE I.—RULES FOR DECIDING ON SURGICAL 
PROCEDURES FOR THE PHORIAS (SPAETH) 








Individual type 

Accommodative exophoria as 1 
with myopia, convergence cinch of one or 
insufficiency near only, pro- | both internal 
portionate to degree of myopia rectl 


Surgery 


Tucking or 








Convergence insufficiency _ 
exophoria for near and dis- 
tance, measurement of prism 








Tucking or 
cinch of one or 
both internal 





| ductions show duction defect | recti. May need 
| to be in the disturbed adduc- recession of one 
| tion-abduction ratio | external rectus 


|} as we 
| Divergence excess, exophoria for | Recession of 
| both near and distance. both external 
Abduction > adduction recti 


Esophoria 


Convergence excess. Recession of 
Adduction greater than abduc both internal 
tion rectl 
| Tucking or cinch 
| of one or both 


Divergence insufficiency 


external recti 


should be recalled that double hyperphoria is 
usually not a surgical condition but is a pure in- 
nervational defect. Operation, however, should 
be considered at times when the double hyper- 
phoria is decidedly unequal. One should do either 
a recession of the overacting muscle or tucking 
or the cinch operation on the underacting muscle 
in the hypophoric eye, combined with operation 
on the hyperphoric eye as may be indicated. It 
is, indeed, wise to do a little at a time in the cor- 
rection of a hyperphoria, rather than too much at 
one sitting. Sometimes one should allow an inter- 
val of time, for example, 2 to 3 months, between 
operations on the vertical muscles. During this 
interval orthoptic exercises may be used with ad- 
vantage. The surgical correction of hyperphoria 
is fraught with difficulties and errors of judgment 
and constitutes the most difficult problem in 
ophthalmic surgery. 

The same can be said for cyclophoria. Indeed, 
so easily can this condition be made worse, from 
the patient’s viewpoint, that only the most expert 
muscle surgeon should tackle this problem. 

One can conclude, therefore, by reiterating the 
statement that the surgical management of het- 
erophoria depends fundamentally on the accurate 
diagnosis and skillful analysis of its factors, and 
that each case is a law unto itself. The diagnosis 
and not the actual performance is what counts. 
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TUMORS OF THE SALIVARY GLANDS, BENIGN AND 
LOCALLY MALIGNANT 


A. O. SINGLETON, M.D., 


ALIVARY gland tumors are probably the 
most debatable of all tumors and have 
been for many years. There are those 
which are definitely benign and those 

which are definitely malignant, but the largest 
group and most controversial is the mixed tumor 
which is benign in that it rarely metastasizes but 
malignant in that local recurrence is a predomi- 
nating characteristic. 

Parotid cysts may be congenital, but they are 
usually secondary to chronic infection or duct ob- 
struction. They are often without symptoms but 
more often marked by the presence of swelling 
over the gland with pain and tenderness which 
may disappear with the emptying of the accumu- 
lated salivary secretion by opening of the ducts. 
After a time the obstruction becomes more com- 
plete with infection complicating the picture. 
When suppuration occurs, external drainage may 
be resorted to. Following drainage complicating 
salivary fistulas may result; therefore, every ef- 
fort should be made to avoid operative interfer- 
ence. In several instances, we have seen these 
troublesome cystic glands cured by x-ray therapy. 
If sufficient radiation is given, the gland atrophies, 
becoming functionless, and the cysts give no 
further trouble. This is a great improvement over 
former attempts to dissect out the cysts. 

Mikulicz’s disease, because of the peculiarity of 
the condition and the unexplained etiology, can- 
not be ignored in the discussion of tumors of the 
salivary glands. While enlargement of the sali- 
vary, particularly the parotid, and lacrimal glands 
may be associated with leucemia, tuberculosis, 
lymphosarcoma, and toxic conditions, and has 
been given the name of Mikulicz’s syndrome, the 
condition described by Mikulicz in 1888 was a 
definite condition without constitutional symp- 
toms. The important part of the pathological 
anatomy of the disease is an extensive deposit of 
small round cells which seem to compress or dis- 
place the glandular parenchyma. These cells ap- 
pear to be either an infiltration of leucocytes or 
multiplying lymphoid tissue ordinarily found in 
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the gland. The gland structure may be compressed 
or infiltrated with an excess of fibrous tissue as 
well. While the prognosis in these cases is difficult 
because of their rarity and the absence of final 
reports upon cases found in the literature, we 
think we can safely say that they are not serious 
and treatment is unnecessary. A case we observed 
exhibited no symptoms and little change in the 
condition over a 5 year period although the tume- 
faction was marked. Cases are reported in which 
the lacrimal glands have had to be removed be- 
cause of pressure upon the eyeball. Radiation 
should, and apparently does, have a beneficial ef- 
fect in preventing the progress of the disease. 

Adenolymphoma (onkocytoma) of the parotid 
gland is one of the rarest of tumors. It may not 
be directly in the salivary glands but often ad- 
jacent to them. It is composed of a lymphadenoid 
stroma with germinal centers with an epithelial 
structure in the form of tubular glands, cysts, and 
papillae (papillary cystadenolymphoma or papil- 
lary cystadenoma lymphomatosum). They occur 
in older people, are benign, encapsulated, and grow 
slowly. They are not usually intimately connected 
with the gland and may be easily removed without 
damage to the facial nerve or danger of recurrence. 

Adenoma of the salivary gland is again one of the 
controversial tumors, and Warren (8) says, “Ade- 
nomas readily recognized as such are extremely 
rare in the salivary gland.” If they do occur, it is 
in the parotid gland. They are always encapsu- 
lated and may be cystic or solid. The differential 
diagnosis between the adenoma and mixed tumor 
is hardly possible before operation. 

Mixed tumors comprise the great majority of all 
tumors of the salivary glands and have been of 
particular interest to the profession for many 
years. The literature is fairly rich in discussions of 
this particular neoplasm. Because of the large 
size they may attain, years ago surgical attempts 
were made to remove them. I. S. Cutter wrote an 
interesting account of a controversy between the 
medical departments of the University of Pennsy]l- 
vania and Jefferson Medical College as to priority 
in removal of the parotid gland. We quote: . 

“Tn 1832, Dr. William Gibson, professor of surgery in the 


University of Pennsylvania, in a lecture delivered late in 
the year, denied that the parotid gland had ever been extir- 
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TABLE I.—DISTRIBUTION OF 65 SALIVARY TUMORS 






































Parotid gland Submaxillary gland Palate | Gum Lacrimal 
No. Per cent No. Per cent No. Per cent | No. Per cent | No. Per cent 
58 Primary salivary a i | | 
tumors 45 77.6 9 15.5 2 3.4 | I 2.2 _ a t.7 
43 Mixed tumors 32 74.4 | 7 | 16.3 2 4.65 I } 2.3 I 2.3 
15 Malignant tumors eg 7 86.6 | 2 13.3 mann y a oe _ 





2 carcinomas 
I melanoma 


3 carcinomas 
I melanoma 


7 Metastatic tumors 














pated... . The founder of Jefferson, Dr. George McClellan, 
had already reported several cases of extirpation of the 
parotid and this surgical triumph had been set up as one of 
the household gods of the Jefferson student body. The letter 
to Professor Pattison was dated January 1, 1833, and con- 
cludes: 

“We, the students of Jefferson Medical College, feeling 
the honour of our Professor (McClellan) involved, and the 
credit of our Institution concerned, in the fact being fully 
established, would feel obliged to you, if you would enter 
into a discussion of the question, Has t'e Parotid Gland 
ever been extir pated?’” 

“John Bell (in his Anatomy) said: ‘The cutting out com- 
pletely of the parotid gland is a thing quite impossible, 
since the greatest of all the arteries, viz., the temporal and 
the maxillary, lie absolutely imbedded in the gland.’ 

“John Bell later revised his original doctrine in his 
treatise on surgery, stating that he had often extirpated the 
diseased parotid and his brother Sir Charles Bell says that 
he had assisted John in the extirpation of the gland”’(1). 


McClellan performed the operation successfully 
a number of times. Agnew recorded that Warren 
removed the parotid gland first in 1798 and 
McClellan’s first case was in 1805. 

The long interest in the mixed tumors has not 
been because of a high mortality from disease but 
from the fact that the embryology and pathology 
are without a satisfactory explanation and also 
because the treatment of them is still unsolved in 
spite of persistent effort on the part of the 
pathologist, the surgeon, and recently the roent- 
genologist. 

The mixed tumors are defined by Harvey, 
Dawson, and Innes as “adenomas of the serous 
and seromucous salivary or lacrimal glands, of 
undifferentiated and gland-lobular types, which 
are very prone to a species of mucoid autolytic 
self-destructive transformation of their com- 
ponent tissues and are seldom truly malignant.” 

Still, Swinton and Warren say, 


“The frequent tendency of epithelial cells to take on a 
spindle form has also been used to explain the apparent 
mesenchymal structure of certain of the elements of the so 
called mixed tumors. There are, however, certain objec- 
tions to the consideration of the mixed tumors as adenomas 
with peculiar stromal changes. Adenomas readily recog- 
nized as such are extremely rare in the salivary gland. 
Moreover, this particular type of change in the stroma is 


almost unknown in adenomas developing elsewhere. It 
seems peculiar that in this group of glands alone a peculiar 
stromal change should develop in the adenomas which 
arise from them. In the very few instances of the true 
adenomas which have been reported there is no suggestion 
of the structure seen in the mixed tumor. 

“The concept of a true mixed tumor developing from 
embryonic tissue is far more appealing. Distinctly in 
favor of this is the not infrequent occurrence of mixed tu- 
mors in diverse localities, such as the hard palate, the ton- 
sillar fossa, the soft palate, the cheek, or the gum.” 

These tumors were at first thought to be purely 
epithelial in origin. Virchow thought that the 
cartilage was formed by pieces of metaplasia from 
connective tissue, while Cohnheim considered it 
to be a remanant of the branchial arches which 
became displaced during fetal life. The endothelial! 
theory set forth by Wartman has been abandoned, 
and the epithelial generally accepted, particularly 
since the investigations of Kennon and Fry. 

The figures given by McFarland for the relative 
occurrence of mixed tumors are: parotid, 93.6 per 
cent; submaxillary, 6.1 per cent; and sublingual, 
0.3 per cent. They probably represent an unse- 
lected distribution of tumor occurrence for the 
glands concerned. Harvey and his co-workers 
studied 316 mixed tumors, and the locality was 
given or evident in 275 of these cases; parotid 
gland, 230; submaxillary, 21; sublingual, 2; lip, 9; 
palate, 6; nose, 1; and lacrimal, 6. 

An analytical report of the cases of salivary 
gland tumor treated in the John Sealy Hospital 
and a study and comparative review of these tu- 
mors and others which have found their way into 
the Surgical Pathology Museum of the Medical 
Department of the University of Texas is sum- 
marized in Table I. 

Of the 58 tumors arising primarily in the sali- 
vary tissues, 43 or 74 per cent were mixed tumors, 
and 15 or 26 per cent were carcinomatous, as 
shown in Table II. The distribution of these tu- 
mors according to location is given in Table I. 
Forty-five tumors were in the parotid gland alone, 
and of these 13 were malignant. 

Symptomatically, in the mixed tumors, pain or 
tenderness was noted in an occasional case. These 
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TABLE II.—COMPARISON STATISTICS 





























Singleton Swinton Stein Total Revised averages 
ha: gh taasiien an an McFarland Houck Patey No 
F Duren Warren Geschickter 300 46 55 : Yr. Per cent 
. 766 
58 67 241 (parotid) 

Per cent malignancy in 

salivary tumors 25.8 12.5 17.4 4°.5 412 20.4 
Age at onset in years 

Mixed 31.5 33.3 122 32.4 

Malignant 52.3 56.2 122 54.2 
Preoperative duration in 

years 

Mixed 5.4 10.7 8 363 7.8 

Malignant 1.24 3.6 4 363 3-5 
Recurrence in mixed tu- 

mors including those 

recurrent when first 

seen—per cent 33-3 17.6 23.2 23.6 477 23.8 
Recurrence in mixed tu- 8.7% 4.3% 12.8% 363 8.6 

mors operated upon | (J. S. H.) (Lahey (J. S. H.) 

at John Sealy Hos- Clinic) 

pital 
































however, were usually in the cases of the recurrent 
or very large tumors. The malignant tumors com- 
monly caused symptoms. More than one-half of 
the present 15 were associated with tenderness, 
pain, or facial paralysis. The pain was occasionally 
radiating. Fixation to surrounding tissues was 
commonly met with. 

The average age at onset for all the primary tu- 
mors was 38.0 years. Of these, the mixed tumors 
averaged 31.5 years; and the malignant tumors, 
52.3 years. The preoperative duration of the mix- 
ed tumors averaged 5.4 years, whereas the ma- 
lignant tumors averaged 1.24 years. The sharp 
clinical differences comparable to the two histo- 
logical groups is to be noted. 

The recurrence rate of the 58 salivary tumors is 
divided into 2 groups: That rate which recurred 
after excision of the tumor both elsewhere and at 
John Sealy Hospital and that rate recurring in the 
cases of patients operated on at John Sealy Hos- 
pital only. The recurrence rate should be consid- 
ered in this manner because many of the cases 
were recurrent when first seen at this hospital. 
These data are available in 45 cases. Of these, 34 
were mixed tumors; 10 or 33 per cent recurred. 
Of these mixed tumors, 2 or 8.7 per cent recurred. 
One of the two recurrences among the mixed tu- 
mors occurred in an elderly woman. It was widely 
excised, but recurred in 6 months and after 1 year 
had reached large proportions. It was again wide- 
ly excised. The case was followed for 1 year, at 
which time there had been no recurrence. This 
tumor showed an increased cellularity in the re- 
current tumor. This, considered with the marked 
infiltrative character noted at operation, classifies 
this tumor as one of the most malignant of the 
mixed tumors. 


There is considerable controversy over the rate 
of recurrence in relation to the size of these tu- 
mors. The cases on which sufficient data were 
available were computed with this in mind. 
McFarland, dividing his series into tumors up to 
a walnut in size and a walnut or larger in size, 
stated that 32 per cent of the former and 16 per 
cent of the latter recurred. Houck, however, 
noted 17 and 31 per cent recurrence rates, re- 
spectively. In our series, 13.3 per cent of the 
smaller and 4o per cent of the larger tumors re- 
curred. These and Houck’s findings are in direct 
variance with those of McFarland. 

One explanation for the low recurrence rate, 8 
per cent, of mixed tumors of patients operated 
upon by us at John Sealy Hospital was the prac- 
tice of wide excision. This is reflected in the high 
rate of postoperative complications, that is, facial 
paralysis. Ten cases among the mixed tumors were 
complicated by permanent facial paralysis. Of 
these, 8 were total. Facial paralysis occurred in 
all but 2 of the carcinomatous parotid tumors op- 
erated on. Salivary fistulas rarely occurred. Two 
of the present series of cases were so complicated. 


TREATMENT 


The diagnosis of the mixed tumors of the sali- 
vary glands is usually possible by physical exam- 
ination and a history of a long duration of the tu- 
mor. A mixed tumor may be found in various 
parts of the orofacial region. Occasionally they 
are found in the lip, palate, supramaxillary bor- 
der, nose, bronchi, and lacrimal gland. When the 
tumors are found in these locations, the diagnoses 
may be suspected, but usually such is not the case 
until microscopic study reveals the identity of the 
tumors. 
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Two years ago we stated in a discussion of these 
tumors of the parotid gland(6): 

“Though the surgical treatment of tumors in various 
parts of the body has been standardized, that pertaining 
to the parotid salivary gland tumors is still in confusion, 
with wide variations in the opinion of the profession as to 
the plan to follow. Recurrences are frequent and therefore 
malignancy cannot be denied, but because of the infre- 
quency of distant metastasis and the anatomic difficulty 
of extensive surgery without facial nerve injury, incomplete 
or local operations are the rule. Investigation will reveal 
that the early experience of the surgeon will show a strenu- 
ous effort to preserve the nerve, but with more experience 
and increasing number of recurrences, a more radical pro- 
cedure is preferred with less regard for the nerve. Such 
has been our experience in dealing with the parotid 
tumors.” 


We also advocated radical surgery for carci- 
noma of the parotid gland, stating, 

“Because of the uncertainty of prognosis the frankly 
malignant tumors are usually treated conservatively to 
save the facial nerve. Therefore, we believe that con- 
servative surgery is responsible for the high percentage of 
the recurrences, both in the mixed and malignant tumors. 
lor some years we have felt that we were justified in re- 
moving large amounts of the parotid gland and even all 
the gland in those cases where we were convinced that 
sacrificing the facial nerve was necessary for a cure” (6). 

To justify radical removal of mixed tumors be- 
cause of their possible transformation into carci- 
noma or sarcoma is questioned by good authori- 
ties. A few cases have been reported in which such 
a transformation has occurred, but they are rare. 
In 1 of our cases this seemed undeniable, but 
investigation of case histories does not justify 
this as a reason for radical surgery. One of the 
most incurable malignant tumors we have found 
is carcinoma of the parotid gland. Even with the 
most radical surgery early in the course of its 
growth, only a very few cures are on record. We 
have not seen one patient who has lived 5 years 
after treatment. This includes 15 definitely proved 
carcinomas of the parotid gland which we have 
operated upon in a radical way. Three of these are 
still free of recurrence, but a 5 year period has not 
yet elapsed in any one of these. McFarland re- 
ported 14 cases of carcinoma of the parotid gland, 
1 of questionable diagnosis, and only 2 patients 
were alive 5 years and these had multiple opera- 
tions for recurrence. 

In the case of mixed tumors of the parotid, 
McFarland argues against removal when they are 
small, claiming that the recurrences are more like- 


ly in the small tumors. This is not the experience 
of others, including ourselves. 

It requires tremendous restraint on the part of 
the surgeon to allow an ever prominent parotid 
tumor to be turned away without removal. In no 
other large group of tumors is the attitude of con- 
servatism considered, but the all important com- 
plication, facial nerve palsy, which must follow 
radical surgery in this region, is responsible for 
unsatisfactory results after their treatment. Un- 
less it becomes large, the tumor is preferable to a 
facial palsy. Many plastic procedures are used to 
counteract this distressing complication, some of 
which are satisfactory to a marked degree, but 
they are far short of completely correcting the 
deformity. The result appears satisfactory at 
first, but, unfortunately, due to atrophy of mus- 
cles the deformity becomes more marked with the 
passage of time after most plastic procedures. 

At the present time we have under observation 
a nurse who has a parotid tumor deep in the 
parotid gland directly in the path of the facial 
nerve. The tumor is not growing rapidly, and, 
since a facial palsy would put an end to her pro- 
fession as a nurse, upon which she depends for 
her livelihood, I cannot to this time make up my 
mind to disturb it. McFarland’s persistent and 
careful clinical study of a very large series of 
parotid tumors resulting in the conclusion that 
conservatism should be emphasized in their treat- 
ment, cannot be entirely disregarded. We would 
emphasize that every effort should be made to 
save the facial nerve, at least in the initial attempt 
at removal. A planned sacrifice of the facial nerve 
is justifiable in cases of recurrence and in carci- 
noma. Plastic repair is of great importance but 
does not prevent an objectionable deformity of 
the face. 
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THE SULFONAMIDE DRUGS IN THE TREATMENT OF 
ACUTE SUPPURATIONS IN THE MIDDLE EAR 
AND MASTOID 


J. H. MAXWELL, M.D., F.A.C.S., Ann Arbor, Michigan 


HE sulfonamide drugs met with prompt 

and enthusiastic acceptance in the field 

of otolaryngology where there remained 

many unsolved problems of coccal in- 
fections. The acceptance of these preparations 
was characterized at first by overenthusiasm and 
favorable prejudice. Although they have found a 
permanent place as some of the most valuable 
therapeutic agents in the otologists’ armamen- 
tarium, they must not at once supplant other 
forms of treatment of proved worth. 

One of the most controversial subjects referable 
to the use of these preparations is that pertaining 
to their efficacy in the treatment of acute suppura- 
tive otitis media and mastoiditis. Most otologists 
are willing to admit that since the use of sulfanil- 
amide and sulfathiazole the incidence of surgical 
mastoiditis, the complications of acute suppura- 
tive otitis media and mastoiditis, and the mor- 
tality rate dependent upon these conditions have 
been diminished greatly. 

Kolmer has said that “chemotherapy is not 
merely the treatment of a disease with chemical 
agents; that is as old as the art of medicine itself. 
Rather it is the treatment of disease produced by 
living pathogenic organisms with specific chemical 
agents or drugs capable of selectively destroying 
them without serious toxic effects.”” When a drug 
is found to be efficacious in the treatment of one 
type of infection, it does not necessarily follow 
that it will be of equal benefit in all infections. 
Yet such a discovery is prone to bring about indis- 
criminate and empirical use of the compound. 
This has happened to a great extent in the case of 
the sulfonamide drugs. 

The new chemotherapeutic agents are not de- 
void of dangers in their administration and their 
usage should be governed by the results of careful 
investigation of the patient and the disease to be 
treated. First, one must weigh the possible bene- 
fit to be derived from treatment, against the dan- 
gers of administration of the drug. 


From the Department of Otolaryngology, University of Mich- 
igan Medical School. 

Presented before the Clinical Congress of the American College 
of Surgeons, Boston, November 3-7, 1941. 
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In reference to acute suppurations in the middle 
ear and mastoid the following points must be con- 
sidered. First, the oral administration of the 
chemotherapeutic drugs in acute suppurative otitis 
media and acute mastoiditis, and, second, the 
local use of the drugs in mastoidectomy wounds. 

In the case of acute suppurative otitis media, 
the first question that must be answered is “which 
patients with this disease need chemotherapy?” 
It has been conceded by many otolaryngologists 
that over go per cent of cases of acute suppurative 
otitis media proceed to spontaneous resolution 
after an adequate and timely myringotomy. Now 
since the advent of the sulfonamide drugs most 
encouraging reports relating the marked decrease 
in the morbidity from acute suppurative otitis 
media and the reduction in the number of cases 
of surgical mastoiditis have appeared. Stuart, 
Bowers, Clein, Lindsay, Horan and French, Baker 
and Bradford, Galloway, and others have reported 
favorably on the treatment of acute suppurative 
diseases in the middle ear and mastoid by the use 
of these compounds. Long (12) has even suggested 
that chemotherapy might be used for 48 to 72 
hours at the very beginning of an earache in an 
effort to prevent the development of a suppura- 
tive otitis media. Williams and his co-workers 
concluded that chemotherapy afforded the greatest 
protection against surgical mastoiditis when used 
in otitis media due to pneumococci. Osgood on 
the other hand advised against the use of chemo- 
therapeutic drugs in conditions in which there is 
little or no mortality rate, and Lindsay empha- 
sized the statement that “the treatment for a 
patient who is desperately ill is not necessarily a 
criterion of the best policy in the early stages of 
these infections or in a moderate or mild type of 
otitic suppuration.” 

Babcock seemed unwilling to admit that the 
decrease in the number of surgical cases of mas- 
toiditis in New York was due solely to chemo- 
therapy, and he indicated that the effect of this 
treatment in otitis media is somewhat overrated. 

Before subscribing to the practice of giving 
chemotherapy to every patient suffering from 
acute otitis media, one should analyze some of the 
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extremely favorable reports of drug therapy. It 
seems that reported reductions in the number of 
cases of surgical mastoiditis may be somewhat 
misleading, since many of the reported controlled 
groups demonstrate an extremely high percentage 
of cases of surgical mastoiditis. Let us attempt to 
determine possible causes for the fewer cases of 
surgical mastoiditis other than the direct effect of 
the sulfonamide drugs upon middle ear infections. 
Kopetzky has reported a distinct periodicity in 
the virulence of infection of the upper respiratory 
tract, particularly of the middle ear and mastoid, 
and has stated that in different years various sub- 
strains of the hemolytic streptococcus may be pre- 
dominant. He suggested that a major cycle oc- 
curred about every 6 years. 

Since chemotherapy has come to be used in a 
large number of patients with exudative naso- 
pharyngitis, severe follicular tonsillitis and sup- 
purative sinusitis with excellent results, many 
severe acute cases of suppurative otitis media 
probably have been prevented. This in itself has 
tended to reduce the number of surgical cases 
because these fulminating infections that spread 
to the middle ear, eventuate in suppurative mas- 
toiditis with relatively great frequency. Then 
there was that group of otolaryngologists who 
were prone to operate early in every case of severe 
otitis media which demonstrated fever, pain, pro- 
fuse discharge, and mastoid tenderness. The more 
conservative aural surgeons had the courage to 
postpone surgical interference upon patients who 
demonstrated signs of uncomplicated mastoiditis 
in the first week of infection in the middle ear. 
This delay provided time for spontaneous resolu- 
tion in the majority of patients and allowed wall- 
ing off of the process in those who continued to 
develop a suppurative coalescent process in the 
temporal bone. Since the widespread use of chemo- 
therapeutic agents in middle ear infections these 
early operations of which we know there was a 
tremendous number, have been reduced to a mini- 
mum for the following reasons: First, the preven- 
tion of otherwise necessary operations due to the 
effect of the drug in the severe cases of acute sup- 
purative otitis media. Here the acute infection in 
the middle ear was brought under control before 
extension to the mastoid had taken place. Second, 
and the exact importance of this factor cannot be 
determined, the prevention of unnecessary opera- 
tions. The confidence in the sulfonamide drugs 
possessed by the patient, the general practitioner, 
the pediatrician, and the otologist, has acted as a 
deterrent to operation. The tempering of the acute 
symptoms has made the condition less alarming 
so that there has been no impatient cry for action 


on the part of the patient, parents, or physician 
and many cases have been allowed to proceed to 
spontaneous resolution which might have taken 
the same course without the drug if sound, watch- 
ful conservatism had been practiced. 

Now, since prompt and excellent response to 
chemotherapy in severe acute cases of suppurative 
otitis media has been witnessed, why should not 
all cases of middle ear infection be treated rou- 
tinely by the administration of one of the sul- 
fonamide drugs? In answer to this question I 
wish to state that chemotherapy should be used 
scientifically and specifically with a definite ob- 
jective in view. There is a morbidity and even a 
mortality rate attendant upon the use of these 
weapons which must not be ignored. If the object 
is the prevention of mastoiditis we are then con- 
sidering a form of treatment which should not be 
given to over go patients unnecessarily in order to 
treat less than 10 who need it. Even though the 
drug were perfectly innocuous, such empiricism 
does not belong to the present era of scientific 
medicine. If the object is, and of course it should 
be where possible, to decrease the morbidity and 
to shorten the duration of the infection then a 
much higher percentage of patients with acute 
suppurative otitis media may be treated by these 
drugs. They should be selected on the basis of 
their general condition and the severity of the in- 
fection but should not be subjected to routine 
empirical treatment. The patient who has an in- 
fection severe enough to demand chemotherapy 
should be kept under close observation in order 
that the effect of the drug on the infection may be 
observed and the earliest signs of toxic reaction be 
detected. Those adult patients with mild acute 
suppurative otitis media treated by chemotherapy 
often insist upon remaining ambulatory and driv- 
ing automobiles. The dangers attendant upon 
this are well known. 

Finally the very significant number of patients 
who develop mastoiditis and intracranial compli- 
cations insidiously during chemotherapy adds a 
new note of danger. The masking effect of the 
drug which allows these complications to develop 
without any alarming signs tends to give the 
physician a false impression of the patient’s prog- 
ress. 

Allowing the sulfonamide drugs their very im- 
portant place in the treatment of acute suppura- 
tive otitis media, which patients then with this 
disease should receive their benefits? Although it 
is difficult to draw any hard and fast rules, a few 
principles seem worth while to follow. 

This treatment is best suited to those individ- 
uals in whom the disease is still a mucous mem- 
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brane infection, and of course to those who have 
established and diagnosed complications of the 
suppurative process in the temporal bone. Bear- 
ing this in mind, chemotherapy should be used in 
the following types of cases: 

1. Acute fulminating infections in the middle 
ear producing signs of mastoid involvement at the 
end of the second or third day and characterized 
by sepsis, profuse aural discharge, pain and mas- 
toid tenderness. In this type of disease there is 
frequently a spread of the infection by septic 
thrombophlebitis of the small communicating 
veins of the mastoid. 

2. Acute infections in the middle ear, either 
mild or severe, but secondary to a virulent process 
in the throat, nasopharynx, nose or paranasal 
sinuses. Chemotherapy in these cases may pre- 
vent a suppurative mastoiditis by controlling the 
primary infection. 

3. Early, acute, rapidly developing middle ear 
suppurations characterized by a red edematous 
tympanic membrane and thin seropurulent or 
serosanguineous exudate under pressure in the 
tympanum. This is the type of infection which 
may spread rapidly to the mastoid if not brought 
under control promptly. 

4. All cases of acute suppurative otitis media 
from which a pneumococcus is recovered on cul- 
ture, 

In general only those patients who have an 
early acute suppurative otitis media without an 
established suppurative mastoiditis gain the great- 
est therapeutic effects from the drug. If suppura- 
tive mastoiditis has already developed, treatment 
will be less effective. Williams stated that ‘‘on the 
basis of review of literature in consideration of the 
mode of action of the drug, it would seem that the 
sulfonamide drugs act best in an environment in 
which good blood and oxygen supply are present, 
one which is free of peptones and broken down 
leucocytes and which is not constituted of bone. 
The middle ear and mastoid process are essen- 
tially bony loci with a notably poor blood supply.”’ 
The condition in an infected mastoid is entirely 
different from that in an acute osteomyelitic proc- 
ess in the vascular red marrow of the metaphysis 
of a long bone. In the latter infections chemo- 
therapy has started to revolutionize their treat- 
ment. Badgley reported 13 cases of acute osteo- 
myelitis in the long bones treated by sulfathiazole. 
In each of 3 patients incision and drainage of soft 
tissues only was done and in ro patients no inci- 
sions at all were made. All of these patients made 
splendid recoveries. With continued chemother- 
apy most otologists have witnessed infection in 
the mastoid proceed to intracranial involvement. 


Although one might offer as an explanation the 
difference in the types of bone in the mastoid and 
in the long bones, it has been our experience at the 
University of Michigan Hospital that spreading 
osteomyelitis of the skull, an infection in diploic 
bone, is not satisfactorily managed by chemo- 
therapy alone. We still find it necessary to remove 
all infected bone and to expose a wide margin of 
healthy dura around the osteomyelitic process. 

When sulfanilamide was the only sulfonamide 
drug available, it was usually advisable to know 
what organism was responsible for the infection 
before instituting therapy. This was due to the 
toxicity and the somewhat limited effectiveness of 
the preparation. Culture of the infecting organ- 
isms is still important and should be performed in 
every disease in which chemotherapy is contem- 
plated; yet the newer drugs with wider scope of 
action and decreased toxic effects may be started 
before the culture has been completed. At the 
present time sulfathiazole is the drug of choice in 
most instances because of its effectiveness in com- 
bating infections due to hemolytic streptococci, 
pneumococci, and staphylococci. Sulfadiazine 
which is now available, but rather expensive, bids 
fair to replace sulfathiazole as the preparation of 
choice in most of the infections encountered in an 
otolaryngologic practice. Long (13) has com- 
mented on the low toxicity of sulfadiazine and has 
stated that it is the only one of the group of the 
sulfonamide drugs that can be used in the home 
with relative safety. 

The period of time during which chemotherapy 
should be employed in infections of the middle ear 
and mastoid has been the subject of controversial 
discussion. Bowers, Kolmer, Osgood, Lyons, Lind- 
say, and Williams, have dealt with the subject in 
some detail. Although it has been suggested by 
some that it might be advisable to wait for a few 
days after the infection appears in order to allow 
antibodies to develop before giving the drug, the 
general opinion now seems to be that treatment 
should be started immediately upon the appear- 
ance of the infection and that the dosage should be 
very heavy during the first day in order to gain a 
high blood level of the drug as soon as possible. 
Of course by the time a severe infection becomes 
manifest antibodies have already been produced 
to a considerable extent. 

Since the greatest effect of the drug is to be 
gained when the infection is in the mucous mem- 
brane, or when there is being produced a septic 
thrombophlebitis of the small communicating ves- 
sels of the temporal bone, such therapy should be 
used during this period and then discontinued 
until further indications for its use arise. This 
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means that treatment should be given vigorously 
for 4 to 10 days, at the end of which time it has 
probably had its complete effect upon the early 
stage of the infection. Earlier discontinuance is 
indicated, of course, if important toxic manifesta- 
tions appear. Failure of the infection to respond 
to therapy may indicate a lack of antibodies 
which should be supplied by transfusions or spe- 
cific sera if available. 

The indications for use of chemotherapy in the 
early stages of severe acute suppurative otitis 
media are more easily defined than are the indi- 
cations in infections of the middle ear and mastoid 
of more than a week or to days’ duration. Em- 
piricism must again be avoided in the latter group 
of cases and the drug should be used only after full 
consideration of each individual case. Although 
fever may be lessened and the objective signs of 
manifest bone involvement within the mastoid 
may be partially alleviated, the disease within the 
temporal bone is not likely to undergo spon- 
taneous resolution at this stage if the patient is 
ill enough to demand chemotherapy. Because of 
the masking effect of the drug which may be due, 
as suggested by Lindsay, to a limitation of the 
infectious process, the otologist may be con- 
fronted by the insidious development of an intra- 
cranial complication. 

Coalescent mastoiditis can and does proceed to 
develop on many occasions during intensive chem- 
otherapy. Since this may happen rather quietly 
an especially alert vigilance must be maintained. 
Signs of the surgical mastoid are almost always 
present but are modified due to the lack of fever, 
pain, severe tenderness, and leucocytosis. The 
characteristic granular purulent exudate, sagging 
of the supraposterior canal wall, deafness, and 
progressive radiographic changes are present in 
most instances but are less imperative. 

The local use of the sulfonamide drugs in in- 
fected and potentially infected wounds has been 
given a thorough trial in civilian and military sur- 
gery and has been proved to be of great value. 

The postoperative care of mastoid wounds has 
changed from time to time in an effort to shorten 
the time of healing and yet assure adequate drain- 
age. Many procedures varying from wide open 
drainage to primary suture after allowing the 
cavity to fill with blood clot have been suggested. 
More recently otologists have been using the 
sulfonamide drugs in the mastoid cavity in addi- 
tion to regular gauze or rubber drains. Livingston 
had disappointing results from filling the mastoid 
wound with sulfanilamide crystals and then using 
the usual rubber drain and partial suture and 
believed that this procedure failed to shorten the 


postoperative period. He reported 13 cases in 
which the wound was filled with either sulfanila- 
mide or sulfathiazole and then closed tightly, of 
which 11 showed prompt healing. Of the 11 pa- 
tients so treated, the shortest healing time was 4 
days and the longest healing time 9 days. 

At the University of Michigan Hospital obser- 
vations have been made by Dr. David DeWeese 
on to simple mastoidectomy wounds treated by 
the local application of sulfanilamide powder at 
the time of operation. The wounds were nearly 
filled with the powder and then the usual gauze 
packing was inserted. Wound cultures remained 
negative for streptococci until after the first dress- 
ing was done on the fourth or fifth day, when 
streptococci and staphylococci began to appear 
In 8 of the 10 wounds, no pus was seen until after 
the packing had been changed. The highest blood 
sulfanilamide level obtained was 0.45 milligrams 
per cent following the instillation of to grams of 
drug in the mastoid wound. The next highest 
blood level was o.2 milligrams per cent and the 
remainder showed a very small amount of the 
drug in the blood. Although no conclusions can be 
drawn from this small group of cases, it seems cer- 
tain that the effect of the drug upon the wound 
must be local and not the result of absorption. 
Also it might suggest that the wounds were rein- 
fected in dressing them in spite of the fact that 
aseptic technique was employed in the procedure. 
Reinfection of the wound at the time of dressing 
is not the only explanation of the postoperative 
suppuration although this factor is important 
when any wound is dressed frequently. After a 
well done complete mastoidectomy, there remain 
many small infected cells which may account for 
the reappearance of pus after the fifth postopera- 
tive day. Since some of these infected cells do 
remain it would seem that primary suture of the 
complete mastoid wound after the local use of the 
sulfonamide drugs is not an entirely safe proce- 
dure, because provision is not made for open 
drainage. The local use of the drug, partial suture 
of the wound, and the use of a rubber drain that 
can be removed gradually without having to be 
reinserted probably offers the best type of dressing 
for the average complete mastoidectomy wound. 
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RESULTS OF OPERATION 


FOR HETEROPHORIA AND 


HETEROTROPIA AND CAUSES OF FAILURE 


WILLIAM THORNWALL DAVIS, M.D., Washington, District of Columbia 


HE subject of heterophoria and hetero- 

tropia may be discussed from several 
viewpoints. I have chosen to discuss it 

in relation to the type of operation in- 

dicated or contraindicated according to the diag- 
nosis. There may be some who do not yet think 
of squints and phorias as having definite surgical 
indications, depending upon an accurate diagnosis. 
The subject of diagnosis has already been dis- 
cussed by my distinguished colleague Dr. White. 


THE HETEROPHORIAS 


The heterophorias may be divided into the 
esophorias and the exophorias. The esophorias 
may be mechanical, accommodative, or mechani- 
cal plus accommodative; the mechanical or essen- 
tial esophoria may be due to convergence excess 
or to divergence insufficiency. 

Essential esophoria due to convergence excess 
is curable by surgery; it may possibly be sympto- 
matically alleviated by other means but not 
cured. When due to convergence excess a lessen- 
ing of the action of the median rectus or recti will 
result in a permanent cure. If it be due to diver- 
gence insufficiency, operation upon the median 
rectus will not only fail to relieve the esophoria 
but will permanently disable the convergence 
and the condition will be worse than before. We 
have found the Jameson recession operation to 
be eminently satisfactory, only one median rectus 
being recessed at a time. 

The cure of this form of esophoria may be 
achieved only by proper surgery. It may require 
a procedure as extended as that for the cure of 


Presented in the symposium, Surgery of Heterophoria and 
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convergent squint of the same type. A lapse of 
some months should be allowed after the first 
operation before an operation is done upon the 
median rectus of the fellow eye, should this be 
necessary. 

In mechanical esophoria due to divergence in- 
sufficiency shortening of one or both lateral recti 
will result in a permanent cure. Obviously, the 
extent of the shortening wll depend upon the de- 
gree of the esophoria. Careful study and under- 
standing of the case enables the surgeon to judge 
as to the extent of the operation. When properly 
performed as to surgical technique and with a full 
understanding of the surgical requirements in the 
particular case at hand, the result will be emi- 
nently satisfactory in a very large majority of the 
cases. Naturally, no surgical procedure is satis- 
factory in all cases. In a case-of esophoria due to 
divergence insufficiency, operation upon the me- 
dian recti is contraindicated. 

It is unfortunate to put glasses upon a patient 
with mechanical esophoria since they have no 
effect whatever upon the degree of the esophoria. 
In a purely mechanical esophoria it will be obvious 
upon reflection that correction of the refraction 
will not alter the degree of the esophoria and 
hence will not relieve the patient. Only if there 
be an accommodative factor will the degree of 
the esophoria be lessened. 

Regarding accommodative esophoria, or func- 
tional esophoria, I wish to emphasize the follow- 
ing statement. In purely accommodative eso- 
phoria, surgery is absolutely contraindicated. If 
operation is done, the result will be an exophoria 
for distance and an esophoria for near. The 
esophoria will probably develop into a divergent 
squint for distance with an esophoria for near. 
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It is improper to prescribe glasses for per- 
manent wear. They do not cure an accommo- 
dative esophoria but correct it only while the 
glasses are being worn. This is symptomatic 
treatment only and is unscientific. Accommo- 
dative esophoria can be cured by dissociation of 
the accommodation and convergence by proper 
orthoptic training. 

In combined mechanical and accommodative 
esophoria, the mechanical factor requires surgical 
correction according to the suggestions made. 
The accommodative factor is amenable to orthop- 
tic training as mentioned. An accurate diagnosis 
before treatment is attempted is essential. 

The exophorias may be mechanical, accom- 
modative, or mechanical and accommodative; in 
mechanical exophoria due to convergence in- 
sufficiency surgery is necessary. Proper correc- 
tion of the myopia, together with orthoptic train- 
ing to correct (1) the convergence insufficiency, 
(2) to improve fusion to a wide amplitude, and 
(3) to obtain third degree fusion or stereopsis, may 
give satisfactory functional results but will not 
cure the exophoria. 

To obtain a permanent cure, shortening of the 
median rectus or recti is indicated. The results 
are not so satisfactory as in esophoria. Relapses 
are more frequent. Judgment is more difficult as 
to the degree of shortening indicated. A primary 
overcorrection is desirable. 

The results are often not entirely satisfactory. 
Bielschowsky suggests it is better to wait until 
adolescence before operating in such cases. Our 
experience justifies this. Careful study of the pa- 
tient, patience, and an understanding of the 
many factors involved will enable the surgeon, 
with proper surgical measures, to obtain a satis- 
factory cure in the majority of cases. 

It is my impression that, in the presence of 
mechanical exophoria due to divergence excess, 
more brilliant successes are obtained by means of 
surgical treatment in this condition than in any 
other motor anomaly of the eyes. 

Lessening the action of one lateral rectus at a 
sitting followed by a similar procedure on the 
fellow eye after the proper interval of time has 
elapsed results in a permanent cure more certain 
than does that secured by any other surgical pro- 
cedure. The Jameson technique, recessing one 
lateral rectus 4 to 5 millimeters, appears to us to 
be the ideal operation. It is unsafe to recess both 
at one sitting, and it should not be done. 

Exophoria of more than 8 prism diopters for 
distance prevents entrance of a recruit into the 
commissioned personnel of the armed services, 
the air corps, or commercial flying. The surgical 


cure is so easy and so eminently satisfactory that 
no person should be deprived of the inestimable 
benefit of correction. In selected cases and under 
proper conditions, the patient will not have to 
remain in the hospital but may resume his duties 
within 24 hours. 

Mechanical plus accommodative exophoria is 
usually an exotropia and will be discussed under 
that heading. 

Accommodative exophoria is the result of 
myopia. The myope of 2 or 3 diopters or more 
uses no accommodation for near work and hence 
little or no convergence. In consequence such a 
patient develops an exophoria which very soon 
becomes an intermittent exotropia at which time 
there begins to develop a mechanical factor. 

A purely accommodative exophoria does not 
indicate surgery; cure can be obtained by correc- 
tion of the refraction and orthoptic training. 


SQUINT 


Squint may be convergent or divergent. 

Convergent squint may be (1) mechanical (a) 
due to convergence excess, (b) due to divergence 
insufficiency, (c) due to convergence excess plus 
divergence insufficiency; (2) accommodative; or 
(3) mechanical plus accommodative. 

Divergent squint may be (1) mechanical (a) 
due to convergence insufficiency, (b) due to diver- 
gence excess, (c) due to convergence insufficiency 
and divergence excess; (2) accommodative; 
(3) mechanical plus accommodative. 

Convergent mechanical squint due to conver- 
gence excess is not benefited by glasses. Orthoptic 
exercises alone will not correct the squint; if it 
does so the squint is not a mechanical one. Sur- 
gical treatment is indicated and should aim to 
lessen the action of the median rectus or recti. 
In this form of squint we have found that the 
Jameson recession operation, properly used, gives 
eminently satisfactory results. To secure a func- 
tional cure in such cases, 3 factors are necessary: 
(1) absolutely accurate diagnosis; (2) knowledge 


of how much to recess the median rectus or recti; 


(3) efficient orthoptic training to secure fusional 
amplitude and stereopsis. The causes of failure 
are obvious, the most important of which are in- 
correct diagnosis and consequent improper surg- 
ery; uncalled for or an improper surgical pro- 
cedure will result in failure. Shortening or ad- 
vancement of the lateral rectus or recti is con- 
traindicated and will result in an unsatisfactory 
result or failure. 

The surgical treatment in mechanical conver- 
gent squint due to divergence insufficiency should 
be directed to the lateral recti. We seek to in- 
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crease their action by advancing, shortening, or 
both, by any operative procedure the surgeon 
prefers or in which he is most adept. The par- 
ticular operation is of no great moment, but the 
choice of operation is essential to success. Error 
in this choice will cause failure, partially or com- 
pletely. To operate upon the convergence muscu- 
lar system when the divergence only is involved, 
will cause tragic failure since the squint will not 
be relieved and the convergence will be weakened. 
This adds to the cosmetic failure, a weakened con- 
vergence which may cause great trouble. 

Surgery is absolutely contraindicated in purely 
accommodative convergent squint. Cure can be 
secured in such cases only by orthoptic training. 
If operation is done there will be a divergent 
squint for distance. The result of surgery in such 
cases is tragic failure and renders such eyes ab- 
solutely incurable for all time. 

In accommodative mechanical convergent 
squint the mechanical factor should be corrected 
by surgical means; the accommodative, by or- 
thoptic training. Before operation is done to cor- 
rect the mechanical factor, due regard should be 
given to the question whether the squint is the 
result of convergence excess or divergence in- 
sufficiency as above discussed. Failure to observe 
this or failure to recognize the accommodative 
element will bring about unsatisfactory results. 

In cases of mechanical divergent squint it is 
unusual to find a patient without an accommo- 
dative factor; the majority have myopia. Biel- 
schowsky advised that no operation be done to 
correct divergent squint before the adolescent age 
because of the possibility of recurrence. This 
judgment was no doubt formed in Germany. In 
our country conditions are so different that this 
would not seem to be proper judgment here. Be- 
cause of the adverse effect on the mental develop- 
ment of a child, any squint should be corrected 
and cured at the earliest possible moment. 

Mechanical divergent squint requires surgery 
for a cure in the following instances: 

a. When due entirely to convergence insuffi- 
ciency shortening of the median rectus or recti is 
necessary. Considerable experience is necessary 
in order to determine the degree of shortening or 
advancement or both that may be required. 
When combined with orthoptic training to over- 
come suppression, which is almost always present, 
the results are good. Recession of the lateral 
rectus or recti may be necessary in high degrees of 
divergence in addition to shortening of the median 
rectus. Overcorrection is required since there is a 
strong tendency for the squint to recur. In our 
experience correction of a mechanical divergent 


squint is more difficult and less satisfactory than 
that of convergent squint. The patient should be 
informed that recurrence may occur and that 
further surgery may be required. Suppression 
which is likely to be intermittent is difficult to 
overcome, consequently extended orthoptic train- 
ing may be required and the case kept under ob- 
servation over a long period. 

b. Surgery is necessary in mechanical divergent 
squint due entirely to divergence excess. One 
rarely finds such a case. Often exophoria is due 
purely to divergence excess but by the time it has 
become an exotropia there is usually added con- 
vergence insufficiency. In a case with pure diver- 
gence excess, recession of one or both recti gives 
a most satisfactory cure which is often permanent, 
provided there is no convergence insufficiency or 
the anatomical anomaly is not so great that recur- 
rence is likely. Obviously orthoptic training and 
correction of the refraction are concomitant neces- 
sities in obtaining a cure. May I emphasize the 
word cure which means binocular vision with 
stereopsis. Without this the case is only cos- 
metically corrected not cured. 

In the great majority of cases of divergent 
squint due to divergence excess plus convergence 
insufficiency, a high degree of resection and ad- 
vancement of both median recti may be required, 
possibly combined with recession of the lateral 
recti. A cure is not always possible though a cos- 
metic correction may be secured The advanced 
muscle detracts from the cosmetic result. Limita- 
tion of abduction may result even though both 
eyes are operated upon. This is undesirable but 
may be necessary in correction of ocular deformity. 

The causes of failure of correction appear fre- 
quently to be an insufficient degree of resection 
and advancement primarily to overcorrect the 
squint. Extreme limitation of movement of one 
eye may result from too great shortening of 
the median rectus with or without recession of 
the lateral rectus. The correction necessary in the 
higher degrees of squint should be equally dis- 
tributed between the two eyes. An excess correc- 
tion may result in convergent squint which may 
cause an annoying and possibly an insuperable 
diplopia. One should proceed with caution in 
high degrees of alternating divergent squint. 
Correction of the deformity may result in diplopia, 
so annoying to the patient that it cannot be 
endured. We believe such cases to be very rare 
and have not hesitated to correct such squints. 
We have had no case of serious diplopia following 
surgical correction. 

Accommodative divergent squint differs in 
many respects from accommodative convergent 
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squint. It is the beginning of the mechanical form 
and results from myopia. The child is myopic 
and uses no accommodation for near vision con- 
sequently no convergence. He fixes with one eye 
and the other is relatively divergent. Hence sup- 
pression occurs for near vision which is therefore 
intermittent suppression. Slight amblyopia may 
occur which later becomes more marked as the 
squint progresses from an intermittent to a con- 
tinuous one. 

The child has a divergent squint only for near 
at the beginning, hence it is functional i.e. accom- 
modative. The child, however, only squints 
when he is looking down, that is, in near work. 
Consequently, it is not observed by the parents. 
Very likely his myopia will not be discovered 
until he goes to school. By this time the squint 
will probably have a mechanical factor in addi- 
tion to the accommodative factor. 

It is obvious that we rarely see a purely accom- 
modative divergent squint. It is equally obvious 


that surgery is not indicated if the case be entirely 
accommodative. Correction of the refraction and 
orthoptic training will be adequate to establish a 
cure in such a case. 

In mechanical plus accommodative squint 
surgical correction and in addition orthoptic 
training and correction of the refraction are re- 
quired. Surgery properly adapted to the partic- 
ular case is usually satisfactory and a cure isaccom- 
plished in conjunction with the other treatment 
mentioned. The degree of squint is usually not 
great and there should be no failures in such cases. 
Failure could come only from improper diagnosis 
and poorly conceived or improperly performed 
surgery. 
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OTOLOGICAL SYMPTOMS OR COMPLICATIONS 
OF CRANIOCEREBRAL INJURY 


W. E. GROVE, M.D., F.A.C.S., Milwaukee, Wisconsin 


ITH the accelerated pace of our in- 

dustrial life and with war rampant 

in the world, there are an ever in- 

creasing number of head injuries. 
With the exception of headache, the most fre- 
quently encountered symptoms of head trauma 
lie in the field of otology. 

The anatomical considerations are briefly these: 
the external ear, external canal and membrana 
tympani; the middle ear; the cochlea and vesti- 
bule; the cochlear and vestibular nerves; the facial 
nerve; the first way stations of cochlear and vestib- 
ular nerves in the floor of the fourth ventricle 
and brain stem; and the central cochlear and 
vestibular connections. 

In the production of intracranial damage the 
head may strike an object, be struck by an object 
or be violently jarred against the vertebral col- 
umn. In considering the mechanics of such an 
injury there are three distinct phases: (1) the 
moment of impact; (2) the movement of skull and 
brain; (3) the cessation of skull movement. As 
the brain floats freely in the cerebrospinal fluid 
and as there is a certain element of inertia in its 
movement, it can be damaged by impact against 
the inside of the skull in either the first or the 
third phase of the injury. Such damage, when it 
occurs in the third phase, is of the contre coup 
variety. 

As to the type of pathology produced, there 
may be fractures of the skull with concomitant 
brain injury or brain injury without any demon- 
strable skull fracture. Fractures of the skull may 
involve the facial bones, the vault, the base, or 
any combination of these. Fractures of the base 
constitute from 60 to 80 per cent of all skull frac- 
tures. They may involve the anterior, middle or 


, posterior fossae, but those involving the middle 


fossa predominate. They may be of the bending 
or bursting type. 

Fractures of the temporal bone, which is very 
loosely fitted into the base and which constitutes 
a large portion of the middle fossa, occur when- 
ever the middle fossa is fractured. Transverse 
fractures of the temporal bone, which cross it 
more or less at right angles and destroy its con- 
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tents, are initiated in the posterior fossa. The 
contents of the temporal bone may also be dam- 
aged by violent swinging movements of the tem- 
poral bone without any fracture having taken 
place. In the vast majority of cases, a transverse 
fracture of the temporal bone causes a complete 


cochleovestibular paralysis, but there are a few | 
well authenticated cases in which a portion of © 


either the cochlear or the vestibular function is 
spared. 


Another type of injury of interest to the otolo- ‘ 


gist is injury to brain tissue, particularly pathol- ’ 


ogy involving the brain stem and the region of 
the floor of the fourth ventricle where it can dam- 
age the cochlear and vestibular nuclei and their 
central connections. Such pathology consists of 
contusions and petechial hemorrhages; the tear- 
ing of blood vessels; the tearing, stretching, and 
laceration of cranial nerves; and damage to the 
vasomotor center and vasomotor nerves resulting 
in irritation of the vestibular nuclei. 


A third type of injury which is of peculiar in- ’ 
terest to the otologist is the direct injury to the ~ 


cochlear and vestibular end organ. This is oc- 
casioned by transverse fractures of the otic capsule 
which actually destroy the sensory epithelium, by 
longitudinal fractures of the temporal bone which 
do not of themselves invade the capsule but which 
are associated with bleeding into the basal coil of 
the cochlea, by the tearing or stretching of the 
eighth nerve at the internal auditory meatus and 
by wave movements of perilymph and endo- 
lymph caused by violent swinging movements of 
the entire pyramid. 

Careful history taking is of importance in 
evaluating a head injury. In general it may be 
said the older the patient the more serious are the 
effects of the injury and vice versa. The baby’s 
skull, because of its great elasticity, absorbs the 
effects of trauma very well. The question of un- 
consciousness is an interesting one. In general it 
may be said that the longer the period of uncon- 
sciousness the more serious the injury. And yet, 
we encounter rather serious intracranial damage 
in cases in which no loss of consciousness occurred. 
A truck driver walked into my office a few weeks 
ago complaining of headache. Ten days before, 
while closing the rear doors of his truck he fell 


— 
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backward, striking his head against the pave- 
ment. He continued his work as a truck driver 
until he consulted me. Examination revealed a 
linear fracture of the occipital bone about 4 centi- 
meters long. At no time was he unconscious. 

- Bleeding from the mouth, nose, or ears gen- 


' erally indicates a basal fracture. It may come on 


immediately, but in some cases it may be delayed 
for a couple of days or even up to a 2 week period. 
The history of any previous injury to the head is 
of value in evaluating the signs. Any information 
as to the previous condition of the cochlear or 
vestibular apparatus is of vital importance. 

In the examination of the patient, the impor- 
tance of team work between the surgeon, neurolo- 
gist, ophthalmologist, and otolaryngologist can- 
not be stressed too strongly. Otological examina- 
tion divides itself into immediate, as soon after 
injury as possible, and subsequent examinations. 

The immediate examination of the patient 
should concern itself with the following points: 
presence or absence of consciousness; presence or 
absence of facial paralysis or weakness; presence 
or absence of ptosis or strabismus; condition of 
the pupils and pupillary reflexes. The otoscopic 
examination will disclose any blood or cerebrospi- 
nal fluid in the external canal, any bloody crusts, 
fissures or cracks in the canal wall, any rupture of 
the drum or the presence of hematotympanum. 
Rough hearing tests should be made as soon as the 
sensorium of the patient permits to determine 
qualitatively if hearing is present. The presence 
or absence of spontaneous nystagmus in different 
‘positions of the eyes should be noted, especially if 
there is a complaint of dizziness. If the patient is 
unconscious, a conjugate deviation of the eyes can 
often be seen. This has the same significance as a 
spontaneous nystagmus in the conscious patient. 

Subsequent examinations will concern them- 
selves with a study of all the cranial nerves. The 
sense of smell should be investigated. The eyes 
should be studied in regard to pupil size and re- 
action, action of the extraocular muscles, media 
and fundi, diplopia and the field of vision. The 
action of the facial nerve should be carefully in- 
vestigated. The hearing function should be ex- 
amined by the voice, tuning fork reactions, and 
the audiometer, preferably in a sound proof room. 
A study of the vestibular mechanism should in- 
clude all the spontaneous signs of vestibular dis- 
turbance as well as the induced vestibular reac- 
tions, both thermal and rotatory. 


SIGNS AND SYMPTOMS 


The signs and symptoms which especially con- 
cern the otologist are tinnitus, loss of hearing, 


dizziness, the escape of blood or cerebrospinal 
fluid from the ear, the presence of facial paralysis 
or weakness, the presence of fracture lines in the 
external auditory canal, and the development in 4 


| to 5 days of Battle’s sign, ecchymosis over the 


mastoid process. 

Spontaneous vestibular vertigo is subdivided 
into turning or rotatory vertigo and tactile vertigo. 
In turning vertigo the patient will indicate in 
some way that either he feels himself turning, the 
more common variety, or that objects in his en- 
vironment are rotating, not so common. There 
is no more certain sign of vestibular disturbance 
than turning vertigo. Tactile vertigo is again 
divided into: (1) errors of sensation and (2) 
lateropulsion. In lateropulsion, which is not very 
common, the patient feels himself being pushed 
to one side. 

The patient with an error of sensation has a 
feeling of tilting or tipping, of uncertainty or un- 
steadiness, or he complains of faintness or spots 
before his eyes. He does not experience any sense 
of rotation. His vertigo is not accompanied by 
spontaneous nystagmus, but his vestibular mech- 
anisms usually show unequal responses to thermal 
stimulation. 

Unless there has been a complete cochleovestib- 
ular paralysis caused by a labyrinthine fracture, 
the vertigo is not constant but comes on in bouts 
initiated by sudden movements of the head, bend- 
ing, lifting, exposure to sun and heat, elevation 
above ground level and indulgence in alcohol. 

The spontaneous signs of vestibular disturbance 
are of more importance in checking for brain stem 
pathology than are the induced reactions, induced 
by either the caloric test or the rotation chair. 
These spontaneous signs are nystagmus, past 
pointing, drift in the deviation test, gait devia- 
tions, the Romberg test, and the girdle reactions. 

‘Spontaneous nystagmus due to‘vestibular dis- 
turbance is a jerky nystagmus. It is usually 
rotary and horizontal. If vertical or diagonal in 
character, it may be due to a brain stem lesion but 
it is not vestibular in origin. After a total 
exclusion of the labyrinth, it is continuous; but if 
due to pathology in the region of the vestibular 
nuclei, it is intermittent. It may appear in all 
three positions of the eyes, but if mild in degree, 
will only be seen if the eyes are turned in the 
direction of the quick component. It should be 
searched for in every position of the head and 
eyes; with the head erect, head tipped backward 
and then forward, and with the head tipped to 
either shoulder, the so-called positional nystag- 
mus. If no nystagmus is seen in these positions, it 
can sometimes be made to appear by rapidly 
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GROVE: 


shaking the head, the so-called ‘“‘head movement 
test.” This test will not produce a spontaneous 
nystagmus in a normal individual. If a spontane- 
ous nystagmus is intermittent in character, do not 
expect to find it on every examination and do not 
make the mistake of saying that there is no spon- 
taneous nystagmus present in a patient from one 
single examination. The nystagmus will only be 
present on those occasions when the central ves- 
tibular nuclei are being irritated and when the pa- 
tient has a subjective sense of rotation. This also 
applies to the other spontaneous signs of vestibu- 
lar disturbance. 

If a patient has a subjective sense of rotation, 
he will past point when the pointing test is made 
in the vertical plane, his outstretched arms will 
drift to the right or left in the deviation test of 
Fischer and Wodak and he will deviate to one or 
the other side when he walks forward or back- 
ward with eyes closed. 

If the patient has a sense that he is tipping or 
tilting, he may past point if the pointing test is 
made in the horizontal plane. 

The falling reaction is best tested by the Rom- 
berg test. I shall not try to describe to you the 
technique of performing the Romberg test. Suf- 
fice it to say that when making the test in a 
medicolegal case, every effort should be made to 
divert the attention of the patient while the test 
is made. If a falling tendency is due to a periph- 
eral labyrinth lesion, the fall will be in the direc- 
tion of the slow component of the existing spon- 
taneous nystagmus, no matter which way the 
head is turned. If the lesion producing the posi- 
tive Romberg is central, it may still be vestibular 
in origin and then the fall will be in the direction 
of the quick component. If the lesion is cerebellar, 
the fall will be always backward or forward if the 
vermis is affected and always to the same side if 
one of the hemispheres is affected, and this fall 
bears no relation to the position of the head or 
any pre-existing nystagmus. 

As I mentioned previously, I consider the spon 
taneous vestibular signs as more important than\ 
the induced reactions, but at times it is necessary) 
to employ the induced tests. One can use either 
the turning chair or thermal stimulation, the 
caloric test. The turning chair has the disadvan- 
tage that it stimulates both labyrinths at the same 
time and, for this reason, I prefer the caloric test. 
Unless I am testing the peripheral labyrinth for 
total exclusion, I prefer to use the so-called mini- 
mal stimulation method. I slowly introduce 5 
cubic centimeters of water at 80 degrees F. into 
the external canal after having tipped the head 
back 60 degrees. This co-called optimum posi- 
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tion is used because the horizontal canals are thus 
put into a vertical position and we know that the 
horizontal canals stimulate thermally more easily 
than do the vertical canals. In anywhere from 10 
to 25 seconds a nystagmus appears while the 
patient is looking straight forward, which nys- 
tagmus lasts from 1 to 214 minutes. If the two 
ears exhibit a greater difference in the latent 
period than 5 seconds, or if there is more than 30 
seconds difference in the duration of the induced 
nystagmus, we feel that the two vestibular mecha- 
nisms are not in balance. Fixation on the part of 
the patient should be prevented by the use of 
strong convex lenses. This minimal stimulation 
serves very well for studying the induced nystag- 
mus, but is not strong enough to study induced 
pointing and falling reactions. It rarely produces 
nausea or vertigo except in the hysterical type of 
patient. It is needless to say that the caloric test 
cannot be used when there is a pre-existing spon- 
taneous nystagmus in the central position of the 
eyes, nor is it of any value under these conditions. 

The hearing of the patient should be tested by 
the voice, tuning forks, and audiometer. Bone 
conduction should be investigated in the Rinné 
and Schwabach tests. The audiometric test 
should preferably be done in a sound proof room. 
Qualitative hearing tests should not be made 
until the sensorium of the patient has cleared and 
preferably not until he is up and about. The 
audiometer has the advantage that it produces 
relatively uniform and relatively pure tones and 
that a graph can be made of the entire range of 
hearing, which can be compared to subsequent 
graphs and also, to some extent, to audiometric 
examinations made by another. Its disadvantage 
is that a diagnosis of the type of deafness cannot 
be made by its use alone. For this it must be sup- 
plemented by the use of tuning forks. 

Loss of hearing due to head trauma can result 
from the effects of brain contusion alone, without 
any fracture of the cranial bones. It may result 
from a longitudinal fracture of the temporal bone, 
which courses along its anterior edge and projects 
itself into and through the tympanic cavity. It 
may also result from a transverse fracture of the 
pyramid which destroys the sensory epithelium 
of the cochlea and causes complete loss of cochlear 
function. Unless there has been an actual frac- 
ture of the labyrinth, in which case the loss of 
hearing is usually complete, the predominant type 
of deafness produced by a blow to the head is a 
perceptive or high tone deafness, associated with 
shortened bone conduction and a strongly posi- 
tive Rinné reaction. Even in those cases in which 
there has been a fracture of the cranial bones 
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other than a direct fracture of the labyrinth, this 
type of hearing loss is due in large measure to the 
effects of hemorrhage into the labyrinth and not 
to the actual fracture itself. It has been proved in 
experimental animals that a blow to the head of 
insufficient force to fracture the skull will produce 
hemorrhages into the perilymph spaces of the 
basal coil of the cochlea and the harder the blow 
the further up in the cochlea will these hemor- 
rhages extend. Some of this blood will absorb, but 
often it produces a perceptive type of deafness. 

When a fracture courses through the middle 
ear, ruptures a drum, and damages the intra- 
tympanic structures in addition to producing the 
previously mentioned high tone loss, a combined 
type of deafness might be expected. However, 
when the ruptured drum closes and the fracture 
through middle ear heals, recovery of hearing 
in lower and middle tone ranges is often truly 
remarkable. 

ROENTGENOGRAPHY 

The roentgenographic delineation of basal skull 
fractures in general, with one exception, is very 
difficult even when the skull is photographed 
from every conceivable angle. The roent- 
genographic examination should include antero- 
posterior, lateral, oblique, vertex mental, and 
Stenver’s exposures. Stereoscopic views are very 
useful. Even when all of these views fail to reveal 
a basal fracture, one is not justified in saying that 
it does not exist. Hemorrhage from the mouth or 
nose, suggillation about the eyes and the root of 
the nose, a slowly developing ecchymosis over 
the mastoid, the escape of blood or cerebrospinal 
fluid from the ear and the presence of hemato- 
tympanum are suggestive of basal fracture even 
in the absence of roentgenographic confirmation. 

The presence of a large amount of enchondral 
bone in the otic capsule, bone which shows little 
or no tendency to regenerate permits of the roent- 
genographic delineation of a labyrinth fracture 
many years after its occurrence. So it may be 
said, in contradistinction to the usual failure to 
demonstrate basal skull fractures roentgenologi- 
fcaily, that fractures through the petrous pyramid 
\can almost always be demonstrated. 

FACIAL PARALYSIS 

Facial paralysis may be caused by longitudinal 
or transverse fractures, by nerve injury by 
stretching or tearing at the internal auditory 
meatus, or by hemorrhage into the fallopian ca- 
nal. It may come on immediately or be delayed 
as long as a couple of weeks. It may be complete 
or partial. It complicates 10 to 15 per cent of all 
longitudinal fractures and about 50 per cent of all 
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transverse fractures of the pyramid. Surgery is 
not indicated for this condition. Unless this com- 
plication has been caused by a transverse fracture 
of the petrous pyramid, recovery is the rule. 


PROGNOSIS AND COMPLICATIONS 


The immediate mortality from basal skull frac- 
tures is high, amounting to as much as 53 per 
cent according to various statistics. Late men- 
ingitis accounts for from 7 to 8 per cent mortality. 
The fractures of the otic capsule do not close by 
bony callus and, therefore, the late development 
of meningitis is encouraged when a mild otitis 
media ensues, even many years after the injury. 

Most of the cases presenting a blood or cerebro- 
spinal discharge from the ear recover without the 
development of meningitis unless the otic capsule 
itself has been fractured, and unless suppuration 
ensues. 

TREATMENT 

The principles in the therapy of craniocerebral 
injuries can be rapidly summarized. The first 
consideration after injury is the treatment of 
shock by bed rest, elevation of the foot of the bed, 
warmth, the use of shock cabinets, etc. The ap- 
pearance of cerebral edema is discouraged by de- 
hydration. This is accomplished by the limita- 
tion of fluid intake, by the use of magnesium sul- 
phate, and by intravenous injections of glucose or 
sucrose. Morphine tends to increase cerebral 
edema and should not be used. Craniotomy 
should not be encouraged unless there is evidence 
of increasing cerebral edema or a lapse into un- 
consciousness after a lucid period, indicating 
hemorrhage from the middle meningeal artery. 

Any manipulation of an ear discharging blood 
or cerebrospinal fluid should be discouraged as it 
may result in suppuration and subsequent men- 
ingitis. This cannot be stressed too strongly. 
Such an ear should be covered by sterile dressings 
which should not be disturbed for several days. 

If a bleeding ear suppurates and there is no 
evidence of a capsular fracture, it may safely be 
treated as any other otitis media. A fracture of 
the otic capsule will be recognized by the total 
deafness produced. If a fracture occurs through 
a chronically discharging ear, a radical mastoid 
operation should be done as soon as patient is out 


,of shock and fracture line should be exposed. If 
ever, after a transverse fracture of the pyramid, a 


t 


middle ear suppuration should supervene, a radi- 


cal mastoid operation should be done at once. 


Needless to say the advent of chemotherapy 
has markedly brightened the prognosis of ear 
suppuration developing after basal skull fractures 
involving the temporal bone. 
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INTRACRANIAL 


INFECTIONS 


AND THEIR SPREAD FROM 


THE EAR AND THE NASAL ACCESSORY SINUSES 


A. C. FURSTENBERG, M.D., F.A.C.S., Ann Arbor, Michigan 


T always seemed poignantly dramatic in our 
student days to be told that there were seven- 
teen pathways along which infection might 
travel from the temporal bone to the meninges 

and we trembled with fear at the thought of germs 
in the tympanum or mastoid that could choose so 
many avenues of attack. On an anatomical ba- 
sis the unfortunate individual with a suppurative 
process in the middle ear and mastoid bone had a 
poor chance for his life. With the intracranial 
cavity the terminus of seventeen routes through 
the temporal bone, it appeared inevitable that the 
invading organism would find its way to the me- 
ninges and there establish a process that only a 
decade ago was a little less than 100 per cent fatal. 
But as our clinical experience grew and fur- 
nished us practical information on the behavior 
of temporal bone infections, we discovered that 
our fears were unnecessarily exaggerated and large- 
ly unfounded. Experience did not confirm the sup- 
position derived from anatomical study. Infection 
did not usually extend without restraint along the 
many avenues of approach to the brain but on the 
contrary frequently remained within the middle 
ear and mastoid for weeks and even months with- 
out evidence of spread beyond the confines of bone. 
The usual course pursued by an inflammatory 
process in the temporal bone or within the nasal 
accessory sinuses that gives rise to an intracranial 
complication is one which causes a destruction of 
tissue by continuity of infection and ultimately 
reaches the subarachnoid space by direct exten- 
sion through the dura mater. To be sure, there 
are common exceptions to this rule. We have all 
witnessed the tragedy of a meningitis following on 
the heels of a fulminating acute ear or sinus infec- 
tion several hours or a few days after the onset of 
the disease. Or, we have witnessed the develop- 
ment of a septic thrombus in the lateral sinus and 
rapid invasion of the meninges from this source 
within 4 or 5 days after the first signs of an in- 
flammatory process in the middle ear. Intracra- 
nial complications of this type are obviously due 


From the Department of Otolaryngology, Medical School, 
University of Michigan. 

Presented in the symposium, Neurological Surgery as Related 
to the Eye and Ear, before the Clinical Congress of the American 
College of Surgeons, Boston, November 3-7, 1941. 


toa hematogenous dissemination of infection either 
in the form of a rapidly developing arteritis or 
phlebitis or the dissemination of septic emboli to 
the vessels of the meninges. 

In discussing this precipitous variety of menin- 
geal infection which, as has been implied, occurs 
less frequently than the more insidious and de- 
layed form, particular emphasis should be given 
to the intracranial complications of the swimmer. 
From my point of view the acute fulminating si- 
nusitis which develops after swimming is fraught 
with dangerous potentialities. There is an inordi- 
nate tendency in these cases for the infection to 
spread rapidly within 2 or 3 days to the intracranial 
tissues and to establish a diffuse meningitis or a 
brain abscess. The precise mechanism of such an in- 
vasion is the subject of ethical differences of opinion ’ 
although in several of my cases that have come 
to autopsy, it was obviously due to a retrograde 
thrombosis of the veins of the mucous membrane 
of the frontal sinuses which communicate with the 
dense plexus of veins in the coverings of the brain. 
In the cases of acute sphenoiditis there were in- 
stances of cavernous sinus thrombosis with the 
characteristic signs and symptoms of this disease 
and subsequent involvement of the meninges or 
brain. The point is that sinusitis in the swimmer 
is a dangerous disease; when it invades the intra- 
cranial structures it is prone to do so rapidly and 
to produce a complication of serious proportions in 
an uncommonly short period of incubation. 

All of which has given rise to a great deal of 
speculation and considerable acrimonious dispute 
on the therapeutic management of these cases. 
There exists a school that, for reasons which appear 
sound to its advocates, recommends immediate 
tapping of the frontal sinus with a drill through its 
floor or anterior wall in an effort to establish early 
drainage of the purulent collection. There is an- 
other group who for equally good reasons is un- 
alterably opposed to this point of view. As for 
myself, I have long held to the dictum, avoid bone 
work in the presence of a green infection. Do not 
interfere surgically with a sinus involved in an 
acute inflammatory process. The rationale of this 
admonition would give rise to a discussion that is 
beyond the scope of this paper, suffice it to say 
that we are alarmed at the frequent occurrence of 
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diffuse osteomyelitis of the skull after surgical at- 
tacks upon an acute nasal accessory sinus disease. 
In our series of 84 cases of osteomyelitis of the 
calvarium, the disease developed after bone work 
had been done in 52 cases of acute sinusitis or 
acute exacerbations of a chronic infection. The 
high incidence of this devastating disease under 
these circumstances would seem to point to some 
error of commission or omission on the part of the 
surgical procedure rather than to a matter of mere 
accident or coincidence. Consequently, it is axio- 
matic in our clinic to treat an acute sinusitis con- 
servatively and to limit our surgical efforts to soft 
tissue drainage when the infection has perforated 
the walls of the sinus. Bone interference is re- 
sorted to only in the subacute or chronic stages of 
the disease. It is amazing and likewise gratifying 
to observe how frequently the acute sinus sufferer 
will recover spontaneously if he is given a narcotic 
for his pain, a shrinking solution for his nose and 
incision for the purulent collection that occasion- 
ally develops in neighboring tissues. 

But there is another cogent reason for skepti- 
cism concerning the value of early sinus drainage 
by drilling through its walls, namely, the doubt 
that the operation can be instituted before the in- 
tracranial complications intervene. Reference has 
already been made to the rapid occurrence of men- 
ingitis in the sinusitis of the swimmer. There are 
instances by no means rare when the sinus disease 
and the meningeal infection seem to occur almost 
simultaneously. One follows the other at such a 
rate as to preclude the possibility of instituting a 
surgical measure in time to prevent invasion of 
the meninges. At the risk of evoking bitter criti- 
cism, I should like to pose the opinion that when 
the surgeon opens a frontal sinus in the acute sinus 
disease of the swimmer, he is usually too late to 
prevent an intracranial complication that was des- 
tined to occur from the onset; moreover, if the 
patient who has been subjected to surgical drain- 
age does not develop a meningitis or brain ab- 
scess, there is still no justification for the assump- 
tion that the operation served as a preventive 
measure. Specifically, I do not believe that the 
end justifies a surgical means. 

Come now to the discussion of another method 
of spread of infection to the intracranial struc- 
tures, attention is called to extension by continu- 
ity and contiguity of tissue. In our experience 
this would appear to be the common form of in- 
vasion when the inflammatory process has pro- 
gressed to the subacute or chronic stages. The 
infection remains active within the sinuses or tem- 
poral bone for weeks or even months, destroys the 
surrounding osseous tissues, and finally reaches 


the coverings of the brain. The dura, although 
a highly resistant connective tissue membrane, 
may ultimately succumb to the ravages of the dis- 
ease. Its invulnerability to infection, however, is 
often amazing. An inflammatory process of un- 
common virulence may grow on its surface for 
many months producing a large extradural ab- 
scess with pressure retention beneath the inner 
table of the skull without invasion of the intra- 
cranial cavity. Finally, however, the fibers of the 
dura may liquefy and open the subarachnoid space, 
an intracranial sinus, or the brain to the inflam- 
matory process. 

It is interesting to observe that a brain abscess 
derived from a nasal accessory sinusitis, a tem- 
poral bone infection, or an osteomyelitis of the 
calvarium that has passed beyond the acute stages 
is usually the result of direct extention to the cer- 
ebral cortex. An abscess stalk marks the line of 
invasion, within which it is clearly seen that the 
brain is attacked through a perivascular infiltra- 
tion. The stalk is the result of a fibrous connec- 
tive tissue proliferation and many new formed 
blood vessels. An infiltration of the perivascular 
spaces is much in evidence and it is by means of 
this pathological process that the infection is car- 
ried into the deeper parts of the brain. 

Thrombosis of the cerebral vessels is occasion- 
ally observed in postmortem material but it is by 
no means the predominant method of spread. In- 
fection from chronic inflammatory processes in 
neighboring bone does not frequently extend to 
the brain in this manner. A thorough search of 
many brain abscesses derived from such sources 
seems to indicate that the prevailing method of 
diffusion of infection is by perivascular infiltration 
and not through the migration of septic thrombi 
within the pial and cerebral veins. 

It is to be remembered, however, that the point 
of entrance of infection into the cranial cavity may 
be widely removed from the primary focus within 
the temporal bone or nasal accessory sinuses. Ana- 
tomically it may be clearly demonstrated that the 
veins of the mucous membranes of these regions 
communicate directly with the dural vessels. It 
can be shown further that these veins may become 
involved in a septic thrombophlebitis which tends 
to distribute infection to remote regions of the 
dura. The typical pathological change is that of 
a septic exudate spreading over the surface of the 
dura beneath the intact inner table of the skull 
and frequently extending far beyond the original 
site of infection. Occasionally this exudate is 
found in one or more isolated patches under the 
calvarium and separated from the primary focus 
in the accessory sinuses or the mastoid bone by a 
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zone of healthy dura. Notwithstanding this mode 
of diffusion access to the intracranial cavity, when 
gained, is usually by direct extension from the ex- 
udate which is virtually an extradural abscess 
through the fibers of the membranous coverings 
of the brain. 


TREATMENT 


Turn now to the treatment of the intracranial 
complications of ear and sinus infections, refer- 
ence must be made to the important matter of 
prevention. This has become doubly significant 
since the advent of chemotherapy, first, because 
of the masking effect of the sulfonamide drugs up- 
on the lesions that give rise to intracranial infec- 
tions and, second, for the reason that these specific 
chemical substances have greatly altered the prog- 
nosis of meningitis and brain abscess. It goes with- 
out saying that a surgical mastoiditis or an osteo- 
myelitis of the skull secondary to nasal accessory 
sinus disease must be recognized and adequately 
eradicated if we are to give proper attention to 
our first lines of defense. Heretofore, this was not 
a difficult task. Years of practical experience ac- 
quainted the rhinologist with clinical pictures that 
were more or less typical of surgical lesions and 
clearly indicated the optimum time for interven- 
tion. But the introduction of the sulfonamide 
drugs has altered the situation somewhat in that 
we now encounter atypical and protein forms of 
inflammatory processes within bone which often 
keep us much in the dark concerning their surgical 
or nonsurgical character. Under the influence of 
chemotherapy, particularly its prolonged ad- 
ministration, a mastoid disease may run a bizarre 
and deceptive course characterized by remissions 
and a singular absence of the usual signs and 
symptoms. Its insidious development and per- 
verse growth give rise to osteomyelitic lesions that 
do not conform to customary patterns and herein 
lies one of our difficult problems in the diagnosis 
of surgical mastoiditis in patients who have been 
treated with the sulfonamide drugs. 

Masking, perhaps, is the word that expresses it 
best. It refers categorically in otological parlance 
to an infectious process in the mastoid bone that 
proceeds to its terminal stages with concealed 
identity. It is this quality of disguise or conceal- 
ment that makes it a much feared lesion and a 
serious menace to its neighboring structures. 

Turn now to the second influence of chemother- 
apy to which reference has already been made, it 
is a matter of verity that the sulfonamide drugs 
have greatly reduced the mortality of the intra- 
cranial complications of ear and sinus infections. 
Before the discovery of toxic chemical substances 


that have a specific effect upon bacteria, there 
was always some question in my mind as to the 
value, if any, of a mastoid or a sinus operation 
upon the victim of a meningitis. Because it seemed 
to be in accord with the best principles of surgery 
and to hold out the only hope for a cure, we rou- 
tinely operated upon these patients in the early 
years of our experience. But the results were most 
discouraging. Death was inevitable in spite of our 
efforts and after many disappointments the futil- 
ity of this practice was realized and operative pro- 
cedures abandoned. 

With the advent of chemotherapy and surpris- 
ing recoveries from meningitis, there has been a 
revival of the orthodox method of treatment and 
renewed confidence in the practicability of surgi- 
cal intervention. Once there appeared to be some 
hope for the life of the patient there came a strong 
resurgent interest in the time-honored principle of 
eradicating a focus of infection that was the cause 
of a complication. Cut off the source of supply of 
infection and chemotherapy will do the rest was 
the cry and this practice seems to have captured 
the approval of otologists everywhere today. So 
we now advocate the eradication of an infective 
process and mass drainage of the products of in- 
flammation by the radical removal of carious and 
necrotic bone in conjunction with adequate doses 
of the sulfonamide drugs. 

Reference has already been made to the pre- 
dominating method of diffusion of infection to the 
brain by perivascular infiltration and in this con- 
nection we find a lesson, I believe, of some prac- 
tical value. Where brain abscess is suspected it is 
rational to assume that the pathology of spread 
has been direct and therefore to search for the area 
of softened dura through which the disease has 
passed. Careful and meticulous removal of the 
exudate from the dura will frequently disclose the 
portal of entrance and give access to the pathway 
along which the infection has traveled. Gentle 
penetration of this region with a brain cannula 
often produces a drop of pus and reveals the iden- 
tity of the inflammatory stalk. Thus we may en- 
ter and drain the abscess through a tract along 
which the infection has migrated and in so doing 
respect a surgical principle which in no other part 
of the body can be more advantageously applied. 

At the risk of pointing out the obvious, your 
attention is called to the great value of chemo- 
therapy in the treatment of ear and sinus compli- 
cations. The literature is replete with references 
to this subject, but perhaps I may be permitted 
to throw a few suggestions into the hopper par- 
ticularly as they pertain to the otologist’s point 
of view. 
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It is highly probable that sulfadiazine will re- 
place the other sulfonamide drugs in otological 
practice. It is a specific toxic substance for the 
Streptococcus viridans, Streptococcus hemolyti- 
cus, pneumococcus (all types), meningococcus, 
and Friedlaender’s bacillus. While sulfathiazole 
is believed to be somewhat superior for staphylo- 
coccus infections, there is good scientific evidence 
that sulfadiazine also has a specific effect upon 
this organism. It is true that we frequently find 
a mixed infection in the ear and sinuses with the 
staphylococcus in great numbers but I am inclined 
to believe that this organism is usually a “hanger- 
on.” The germ that puts in its first appearance, 
the one that is isolated with the inception of the 
disease and can usually be found in pure culture 
in the early stages is probably the real offender 
and the one upon which the attack should be made. 

In addition to its specific effect upon all of the 
organisms listed above, including the staphylo- 
coccus, sulfadiazine is less toxic than its related 
agents. It is much less likely to produce a derma- 
titis, fever, vomiting, anemia, a peripheral neu- 
ritis, psychosis, acidosis, or a hepatitis than either 
sulfanilamide, sulfathiazole, or sulfapyradine. It 
may therefore be given with little risk in the home 
provided the patient is seen daily by the physician 
who will inquire into his state of health and make 
at least a cursory examination for the common 
clinical manifestations of a toxic reaction. 

It isexceedingly important to commence chemo- 
therapy at the earliest moment in the course of 
infection and to strike with heavy initial doses. 
An early knockout is the objective and to this end 
sulfadiazine is given intravenously in severe infec- 
tions. The drug is absorbed rather slowly from 
the gastrointestinal tract and several precious 
hours may be lost if given by mouth. The initial 
dose should be 0.1 to 0.15 grams per kilogram of 
body weight of a 5 per cent solution in freshly dis- 
tilled water (7 to 10.5 grams for 150 pound man). 
The preparation should not be autoclaved or boiled. 
For maintenance dosage by the intravenous route 
0.05 grams per kilogram (5 to 7 grams for 150 
pound man) is recommended and should be ad- 


ministered every 12 to 16 hours. If oral adminis- 
tration is utilized for a maintenance dose, 1.0 grams 
should be given every 4 hours. The blood level 
should be kept at 10 to 15 milligrams per cent. 
Even when large doses of sulfadiazine are given 
intravenously a proportionately small quantity of 
it is found in the cerebral spinal fluid. This is in 
direct contrast to sulfanilamide which is rapidly 
taken into the spinal fluid and found there in 
rather high concentration. This observation has 
led to the supposition that sulfadiazine is less de- 
sirable than sulfanilamide in the treatment of 
meningitis. However, it must be borne in mind 
that in meningitis we are not treating the spinal 
fluid. We are treating the meninges and experi- 
ence with sulfadiazine, although still meager, is 
promising enough to indicate that it will probably 
replace its allied preparations in the treatment of in- 
tracranial complications of otitic and sinus origin. 


CONCLUSIONS 


1. While the hematogenous spread of infection 
from the ear and sinuses to the intracranial struc- 
tures does occur, particularly in the sinusitis of 
the swimmer, the usual method is by continuity 
and contiguity of tissue, when the primary lesion 
has reached the subacute or chronic stages. 

2. A dictum to which we sedulously adhere is, 
avoid bone work in the presence of a green infec- 
tion. It is admitted, however, that the exigencies 
of the disease make surgical intervention impera- 
tive in some cases. It may be necessary to sacri- 
fice bone early in the acute process in order to find 
and drain a brain abscess. 

3. Meningitis and brain abscess are occasion- 
ally chargeable to an intracranial yet extradural 
infection which spreads in the form of a confluent 
or patchy exudate over the surface of the dura be- 
neath the inner table of the skull. 

4. Treatment calls for the eradication of the 
primary focus of infection by surgical means and 
adequate doses of the sulfonamide drugs. Recent 
experience wou!d seem to indicate that sulfadia- 
zine gives promise of supplanting its allied prepa- 
rations in the field of otolaryngology. 
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SURGICAL ANATOMY OF THE EYE 


F. BRUCE FRALICK, M.D., F.A.C.S., Ann Arbor, Michigan 


NDERSTANDING the anatomy of 
the eye is essential to any ophthalmic 
surgeon in performing the various sur- 
gical procedures on the globe. It fa- 

miliarizes him with normal relationships, thereby 
giving confidence when corrective operations are 
undertaken in complicated cases. A knowledge of 
anatomy also includes an understanding of the 
variations from the normal and the effect these 
variations play on the functioning of the part. 
This aids the surgeon when he encounters anom- 
alous relationships. 

For instance, it is known that the rectus mus- 
cles are covered by fascial sheaths continuous 
with Tenon’s capsule. The connection between 
the muscle fibers and the sheath is especially 
strong at the point where the two fuse. Because 
of this, the muscles retain their attachment to the 
capsule and do not retract extensively after tenot- 
omy or enucleation of the globe. It is this ana- 
tomical arrangement which permits us to obtain 
some movement of the prosthesis after enuclea- 
tion and implantation of a foreign substance 
within Tenon’s capsule. 

A rather uncommon, but troublesome, compli- 
cation following enucleation with implantation is 
a tendency for the implant to migrate in the orbit 
as if extruded from Tenon’s space. This compli- 
cation may be accounted for on an anatomical ba- 
sis. If we recall that Tenon’s capsule and the con- 
junctiva are fused with the sclera for a distance of 
1 to 2 millimeters about the limbus, and that the 
cornea has a diameter between 11 and 12 milli- 
meters, we realize that about 16 millimeters of the 
circumference of Tenon’s space has been lost in 
doing an enucleation and thus the insertion of a 
glass or metal ball the diameter of the normal eye 
made impossible. We are able to compute the 
exact size of ball which can be inserted into the 
reduced space of tenon following enucleation by 
subtracting the lost circumference from the cir- 
cumference of the eyeball. In an adult we find 
that an implant of more than 18 millimeters will 
stretch Tenon’s capsule and promote its expul- 
sion. Those surgeons recommending a 20 to 21 
millimeter diameter implant are forgetting the 
_ From the Department of Ophthalmology, University of Mich- 
_—_— in the symposium, Principles of Ophthalmic Surgery, 
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size of Tenon’s space after enucleation. Upon 
severance of the optic nerve, a perforation of the 
capsule is made posteriorly through which an im- 
plant is easily forced if too large a one is inserted. 
These are minor, but important, features to re- 
member in enucleations in which one not only 
attempts to get the highest percentage in reten- 
tion of implant, but also to prevent migration of 
the implant. 

In growing subjects, Tenon’s capsule is easily 
separated from the overlying conjunctiva in the 
anterior segment of the globe, but in adults they 
are more or less fused. We rely upon the loose 
capsular and subconjunctival tissue as the bed 
for absorption of the aqueous in trephine opera- 
tions for glaucoma. If the conjunctiva and cap- 
sule are separated from one another, as in Elliot’s 
original description of the trephine operation, a 
rather dense scar tissue replaces the normal loose 
connective tissue resulting in a thin, localized, 
honeycombed cicatrix at the site of the trephine 
opening or in no bleb at all. The incision should 
be through the conjunctiva and capsule, and the 
relationship between the two should not be dis- 
turbed at any step in the operation. This has re- 
cently been emphasized by Benedict. 

When iridencleisis for glaucoma is performed, it 
is important to remember that the conjunctiva 
and Tenon’s capsule are fused to the sclera for a 
distance of 1 to 2 millimeters about the cornea. 
The fistulizing opening will be under a heavier and 
looser cushion with less chance of delayed infec- 
tion, if no attempt is made to dissect the con- 
junctiva and capsule from the sclera further lim- 
balward than this point of fusion before the kera- 
tome incision is performed, since the overlying tis- 
sues closer to the cornea are denser and thinner. 

The sclera has very few blood vessels, and those 
present consist of branches of the anterior and 
posterior ciliaries. These form a network almost 
entirely confined to the episcleral tissues. This 
episcleral network is extremely attenuated ex- 
cept in the anterior region near the limbus. A 
close capillary system is formed here which can be 
evidenced clinically as ciliary injection in inflam- 
matory conditions. This scarcity of blood supply 
in the sclera partially accounts for the slow heal- 
ing of scleral wounds. Most of the reparative 
process advances from the subconjunctival and 
uveal tissues. 
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This slow healing of the sclera promotes the 
possibility of expulsion of the glass or metal ball 
when it is implanted in the sclera as in Mules’ 
operation. A variable amount of oozing from the 
perforating vessels, posteriorly and anteriorly, 
may result in the accumulation of a clot which ex- 
erts pressure upon the suture line. Tendency for 
expulsion of the implant is greatly lessened by 
using silk mattress sutures for closure of the 
scleral wound anteriorly, together with electro- 
coagulation of the perforating vessels on the inner 
surface of the sclera. It is essential for one to 
choose the size of implant which will permit an 
easy closure of the sclera without tension. Our 
experience in this type of treatment of the eyeball, 
when possible, has given a far better cosmetic re- 
sult than simple enucleation or enucleation with 
implant in Tenon’s capsule. We believe there is 
no more danger here of sympathetic ophthalmia 
than in any other form of treatment in this surgi- 
cal condition. Not all cases, however, are suitable 
for a Mules’ operation. It is reserved for panoph- 
thalmitis, freshly lacerated globes, hydrophthal- 
mos, etc., and should not be used when tumor is 
suspected, or in chronically inflamed eyes. 

The thickness of the sclera varies considerably 
with age and sex. It is thinner in children and in 
females. The sclera has a thickness of from 0.3 to 
0.5 millimeter behind the insertion of the rectus 
tendon but grows thicker posteriorly. In reces- 
sion operations, Jameson’s directions for inserting 
the scleral needle should be followed explicitly. 
One should also remember that the tendons of the 
rectus muscles become thicker and denser as they 
approach the sclera. Therefore, if we cut these 
tendons as close as possible to the sclera, we will 
retain the densest portion and be assured that our 
sutures will not tear out after tying. 

The limbus offers many anatomical features of 
clinical importance; in fact, too many to be con- 
sidered entirely at this time. Schlemm’s canal is 
commonly thought of as a single lumen. How- 
ever, it is seldom a single elongated lumen, but 
more often consists of two or more lumina lying 
side by side or over one another in the scleral fur- 
row. Salzmann describes it as resembling a great 
stream which flows along undivided for a stretch, 
then becomes divided into several branches, and 
thus differs in various sections of the eye. There- 
fore, Barkan’s operation for glaucoma might fail 
if the incision did not happen to open the lumen, 
but instead passed between several branches of 
the canal. 

The filtration angle in hydrophthalmos presents 
many congenital anomalies, no two being exactly 
alike. These congenital anomalies possibly ac- 


count for the poor results obtained in the various 
operations most commonly used in other forms of 
glaucoma. In chronic noninflammatory glaucoma 
the filtration angle is often blocked by anterior 
root synechia; thus the iris does not herniate into 
the wound when the scleral button is removed, 
and no aqueous is lost. In this instance, in order 
to form a communication with the posterior 
chamber it is necessary to grasp the iris tissue 
with fine forceps and excise the iris. Undoubtedly 
all, who have performed many trephine opera- 
tions, on rare occasions have experienced button- 
holing of the conjunctival flap at the limbus. I 
have found Verhoeff’s operation for glaucoma well 
adapted when this has occurred. The buttonhole 
incision at the limbus above can be continued on 
either side to make a short conjunctival flap. The 
epithelium is denuded from the upper pole of the 
cornea and a trephine opening is made at the usual 
position on the limbus. The conjunctival flap is 
drawn down over both the trephine opening and 
denuded portion of the cornea and, as in the Van 
Lindt flap, is sutured on either side of the cornea. 
In this, as in other instances, in which it is desir- 
able to cover a portion of the cornea, the anatomi- 
cal structure of the conjunctiva is such that it 
lends itself admirably. 

The blood supply of the conjunctiva comes 
from the superior and inferior tarsal arcades of 
the eyelids and the anterior ciliary arteries. The 
superior tarsal arcade at the upper border of the 
tarsus and between the two portions of the levator 
tendon gives off perforating branches, which pass 
through the muscle of Mueller to reach the con- 
junctiva. Here branches are sent downward over 
the tarsus and upward as the posterior conjunc- 
tival vessels to form a superficial pericorneal 
plexus, after receiving anastomotic branches from 
the anterior conjunctival arteries. The anterior 
ciliary artery comes from the muscle branches of 
the ophthalmic. Each muscle artery gives off two 
anterior ciliary arteries with the exception of the 
external rectus which gives only one. The ante- 
rior ciliary arteries, after giving off the anterior 
conjunctival arteries, pass through the sclera at a 
point just in front of the muscle insertion to enter 
the base of the iris and form the major arterial 
circle. The anterior conjunctival vessels are deep 
to the conjunctiva and do not move with it. They 
anastomose with the posterior conjunctival ves- 
sels, pass on to form the deep pericorneal plexus in 
the episcleral tissue, and to send vascular loops 
into the corneal limbus. In cataract extractions, 
deep incisions into the limbus cut across many of 
these vascular loops and can cause troublesome 
bleeding. To avoid this trouble, some prefer to 
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perform cornea] sections entirely in the cornea. 

These limbal vascular anatomical findings are 
of considerable clinical interest. In conjunctivitis 
and inflammations of the superficial portions of 
the cornea, it is the superficial pericorneal plexus 
which is injected. In addition, these vessels move 
with the conjunctiva but do not fade when pres- 
sure is applied. The deep pericorneal plexus is 
hyperemic in infections of the iris, ciliary body, 
and deeper corneal stroma. The deep pericorneal 
plexus is injected in the form of a ciliary flush and 
it is noted that this flush disappears on pressure 
but the vessels do not move with the conjunctiva. 
In interstitial keratitis the new vessels invading 
the cornea come from the anterior ciliary arteries 
as they pass through the sclera to reach the iris 
and ciliary body. 

The central third or optical zone of the cornea 
is spherical. Toward the periphery, especially on 
its nasal side, it becomes flattened. This explains, 
in part, the poor visual results obtained with opti- 
cal iridectomies since it is often necessary to do 
them behind the flattened zone of the cornea. 
The optical effect in reducing vision is similar to 
that obtained in cornea plana. 

Wandering cells, corneal corpuscles, and corneal 
lamellae make up the substantia propria of the cor- 
nea. The corneal lamellae are broad bands of 
fibrils which run the entire length of the cornea 
and nearly parallel to its surface. The bands of 
fibrils are in alternate layers which crisscross at 
approximately go degrees. This anatomical ar- 
rangement offers a line of cleavage in a plane par- 
allel to the corneal surface for resection of corneal 
scars. 

Many believe, in performing an iridectomy for 
glaucoma, that freeing the filtration angle is the 
purpose of the operation and that they are suc- 
cessful only in those cases in which the base of the 
iris has been freely excised from its attachment to 
the ciliary body. In order to remove a broad por- 
tion of the iris base it is necessary that the corneal 
section be made properly. Meller advises that a 
sufficiently peripheral position of the section can 
be obtained if the knife or keratome enters the 
sclera 114 millimeters from the limbus and passes 
approximately parallel to the plane of the iris. 
This places the inner portion of the incision very 
close to the base of the iris and allows it to be ex- 
cised entirely. When the inner portion of the in- 
cision is more centrally placed, the iris base is 
more likely to be left intact and only that portion 
of the iris central to the incision is removed. These 
faulty incisions and the iris base left fastened to 
the inner margin of the wound are often seen in 
eyes removed after unsuccessful glaucoma opera- 


tions. It is best to pick up the base of the iris, 
push it away from the angle with the iridectomy 
forceps, and thus produce an iridodialysis when 
the incision is known to be faulty or if it is thought 
desirable to retain the sphincter action if subse- 
quent miotic therapy should be needed. The base 
of the iris is then excised horizontally producing a 
large peripheral coloboma, but retaining sphincter 
action. Because some of the patients might need 
miotic therapy as an accessory aid in reducing the 
intraocular tension, I can see no advantage in 
producing a complete coloboma in either iridec- 
tomies or trephines. 

The iris has a few interesting anatomical char- 
acteristics. One is its absence of hemorrhagic 
tendency after cutting, and another, its failure to 
heal following iridectomy. However, when there 
is inflammatory tissue on its surface or new formed 
blood vessels of inflammatory origin, we do find a 
tendency for bleeding and secondary proliferation 
following the trauma produced by surgery. The 
blood vessels in this inflammatory membrane are 
entirely different in character from those of the 
normal iris. Their walls are much thinner and 
contain much less contractile element; thereby 
giving them less hemostatic effect. 

In the posterior uvea we find the choriocapil- 
laris supplied by the posterior ciliary arteries. 
Anterior to the equator the blood comes from the 
recurrent branches of the long posterior ciliary 
arteries. The relatively few anastomoses between 
these two sources have been sited as the cause for 
circulatory failure of the intermediate zone at the 
equator in certain cases; that is, in producing the 
ring scotoma of pigmentary degeneration of the 
retina. However, ring scotoma in retinitis pig- 
mentosa is at about the 20 to 30 degree meridian, 
which is in the zone of the posterior ciliary circula- 
tion and thus posterior to this junction. Ring 
scotoma at the equator is seen in luetic disease of 
the arteries and can thus be used as a differential 
point in diagnosing these two clinical conditions. 

Between the sclera and the choroid is the peri- 
choroidal space; a potential cavity across which 
the fine lamellae of the superficial layer of the 
choroid stretch to blend with the lamina fusca of 
the sclera. This space, which is traversed by the 
vessels and nerves supplying the choroid, stretches 
between the scleral spur and the opticoscleral 
foramen. The choroid is easily detached from the 
sclera during cataract or glaucoma surgery be- 
cause of the delicate nature of lamellae stretching 
across it. Torn lamina heals without residual visual 
loss after absorption of subchoroidal edema fluid. 

On the other hand, the inner surface of the 
choroid is very intimately related to the outer lay- 
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ers of the retina; indeed, the basal membrane 
separating the two structures is partly derived 
from each, and the pigment epithelium of the ret- 
ina is very closely associated with this membrane. 
When the retina is detached, the split occurs be- 
tween the neural layers of the retina and the ret- 
inal epithelium; the latter structure remaining 
behind and adhering to the choroid. 

Salzmann finds that the suprachoroidea is at 
length completely lost in the meridional portion 
of the ciliary muscle. The majority of the la- 
mellae enter the posterior border of the ciliary 
muscle, with the result that the most anterior por- 
tion of the suprachoroidal space must be entirely 
free of suprachoroidal lamellae. Because of the 
density of the lamina and the absence of the 
suprachoroidea beneath at least the anterior half 
of the width of the ciliary region, I would suggest 
that the scleral opening be at least 5 millimeters 
from the limbus in doing a cyclodialysis for glau- 
coma. This would connect the channel made to 
the anterior chamber with the looser supracho- 
roidal space behind the midpoint of the ciliary 
muscle. 

The anatomy of this area of the globe has 
another important clinical application when we 
recall that the ciliary body has a width of about 
5 to 6 millimeters (Salzmann) as measured on the 
inner surface of the sclera, or 7 to 8 millimeters as 
measured on the outer surface of the sclera. Let us 
recall also, that the corona ciliaris is about 2 milli- 
meters broad, or when measured on the outer sur- 
face of the sclera 3 to 3.5 millimeters, and that the 
orbicularis ciliaris has a width of 4.5 to 5 millime- 
ters on the outer scleral surface. The orbicularis 
ciliaris of the ciliary body contains a vascular 
layer much like that of the choroid with which it is 
continuous. It is not, however, so wide and there 
is no choriocapillaris. This is the least vascular 
structure or area of the eyeball outside of the cor- 
nea. Since the arterial supply to the whole ante- 
rior region of the uvea passes through the ciliary 
muscle, the vessels in the orbicularis ciliaris con- 
sist almost entirely of veins which run backward 
meridionally and parallel to each other to empty 
into the vena vorticosa. These anatomical con- 
siderations seem to point to the orbicularis ciliaris 
of the ciliary body as the most optimum site of 
entrance to remove intraocular metallic foreign 
bodies by the posterior route. There is no danger 
of detachment of the retina if a hinged scleral 
trephine button is made just anterior to the ora 
serrata and the underlying uvea incised meridio- 
nally with a cataract knife. This might occur if 
the opening were made further posteriorly. There 
is a minimum of hemorrhage since the least vascu- 


lar zone of the posterior segment is entered. The 
postoperative reaction is surprisingly slight. The 
wound heals readily and without tendency for 
staphyloma. I can see no reason for fearing sym- 
pathetic ophthalmia. This approach has been 
used with much satisfaction in the University 
Clinic for over 10 years (1). 

By recognizing the structure of the retina it is 
easy to understand that hemorrhage occurring in 
the nerve fiber layers are the flame shaped type of 
hemorrhages. More irregularly spreading or punc- 
tate hemorrhages are seen when they occur in the 
nuclear or plexiform layers. It must be borne in 
mind that the anatomical structure of even the 
largest branches of the central retinal artery re- 
sembles that of the arterioles in the thinness of 
their walls and in the absence or slight develop- 
ment of the muscular coat. Those designating the 
branches of the central artery of the retina in the 
first and second order, as arteries, and the finer 
divisions, as arterioles, are basing this view upon 
the marked differences in their clinical manifesta- 
tions in hypertension, rather than upon differ- 
ences in anatomical structure. Anatomically there 
is little, if any difference, in the various branches 
of the central retinal artery. 

The functional retina extends to within 7 milli- 
meters of the ora. Structurally, the nonfunc- 
tional retina is frequently degenerate and thus 
after the age of 30 it almost constantly shows a 
varying number of cysts which may in some cases 
atrophy to such a degree that vitreous is allowed 
to extend through it and cause retinal separation. 
Once the retina is separated, its full functions are 
never restored following reattachment. This is 
especially true when the macular area is detached 
in that central vision seldom, if ever, is restored to 
its former acuity.. Most patients complain of 
metamorphopsia and marked disturbances in 
reading vision. 

The peripheral retina to the extent of about 4 
millimeters is seldom visible with the ophthal- 
moscope, even with a widely dilated pupil. This 
must be remembered in order to determine the 
distance of retinal tears from the ora in retinal 
separation. In less widely dilated pupils, of 
course, not even this much of the periphery is vis- 
ible. Since the ora is considered to be 8 millime- 
ters from the limbus as measured on the sclera, 
the anterior limits of the usual ophthalmoscopic 
field are approximately 12 millimeters from the 
limbus. It is convenient to remember that the 
optic nerve head is 114 millimeters in diameter 
and to estimate the distance of the retinal tears 
from the ora in disc diameters. With these meas- 
urements available at the time of operation, the 
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position of the retinal tears may be projected to 
the scleral surface with fair accuracy. 

The central retinal artery and vein enter, the 
optic nerve 5 to 15 millimeters behind the eyeball 
on its lower and mesial aspect. The artery usually 
goes directly through the subarachnoid space to 
reach the center of the optic nerve, where it turns 
at right angles to send a recurrent branch back- 
ward; while the central retinal artery goes toward 
the optic disc. The vein enters the subarachnoid 
space and courses anteriorly a short distance 
through it before turning at right angles to reach 
the center of the optic nerve, where it in turn 
sends its recurrent branch, and then goes toward 
the optic disc as the central retinal vein. Thus, it 
is seen that the veins can be affected by any rise 
in pressure to which the fluid in the subarachnoid 
space is subjected, and papilledema may result, 
as in the case of increased intracranial pressure. 

Fincham has demonstrated that the thickness 
of the lens capsule varies in different portions, and 
gradually thickens with increasing years. The 
thickest portion of the capsule is found to be lim- 
ited to a zone running around concentrically with 
the equator and just central to the insertion of the 
zonular fibers on both the anterior and posterior 
surface of the lens. The fact that the zonular 
fibers weaken with age and the lens capsule thick- 
ens with age accounts for the greater ease of 
intracapsular extractions in elderly people. 

As the anterior ciliary arteries and veins pass 
through the scleral emissaria anterior to the mus- 
cle attachments, they are sometimes accompanied 
by aberrant intrascleral nerve loops from the long 
ciliary nerves in the perichoroidal space. On occa- 
sions, because these nerve loops are so pigmented, 
they give the appearance of subconjunctival me- 
tallic foreign bodies, and unless the patient is well 
anesthetized excruciating pain is experienced upon 
attempting to remove them. 

During external ethmoid operations it is of im- 
portance to remember the length of the optic 
nerve. The average length of the optic nerve is 25 
millimeters between the globe and the optic fora- 


men; while the average distance between the pos- 
terior pole of the eye and the optic foramen is 18 
millimeters. This allows a possible forward dis- 
placement of the globe 7 millimeters before the 
nerve is put on a tension that might produce optic 
atrophy. In order to obtain better exposure dur- 
ing external ethmoid operations, I have seen a few 
instances in which too much traction on the globe 
has resulted in immediate and complete loss of 
vision. 


SUMMARY 


A few anatomical features of the eyeball have 
been presented in the hope of rationalizing various 
surgical procedures, and only with such knowledge 
is the surgeon capable of carrying out operative 
technique with the greatest finesse and with the 
least possible complications. A thorough under- 
standing of the structures involved in a surgical 
problem will greatly influence the choice of method 
used, if several methods of approach are possible. 
No new operative methods have been presented, 
but a review of a few of the known anatomical 
features has been given in an attempt to draw at- 
tention to certain pitfalls in present surgical 
methods used on the eye which might be avoided 
through a better knowledge of anatomy. 
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RETROBULBAR NEURITIS IN RELATION TO 
SINUS DISEASE 


JAMES B. COSTEN, M.D., F.A.C.S., St. Louis, Missouri 


O subject in the entire field of otolaryn- 
gology has been capable of exciting 
such perennial interest and contro- 
versy, as the relationship of retrobul- 

bar neuritis to sinus disease. Many such cases had 
been reported as relieved by opening of the nasal 
sinuses but close anatomical relationship was re- 
vealed in the studies of Onodi in 1908. He dem- 
onstrated how frequently the optic nerve passes 
along the upper and outer wall of the sphenoid 
and posterior ethmoid cells, covered only by a 
thin bone or membrane. To remove the effects of 
direct absorption of pus or the pressure from 
thickened membranes seemed merely to require 
resection of this posterior group of sinuses. 

Hajek, Sluder, Sauer, Loeb, and others of that 
era reported many successful cases in which the 
blindness was relieved after such surgery. The 
recognition of multiple sclerosis as the common- 
est cause of retrobulbar neuritis discounted many 
of the early successful cases and incited further 
interest in the etiology of the disease. 

It was recognized as a lesion of the papillomacu- 
lar bundle with enlargement of the blind spot and 
central scotoma without visible change in the ap- 
pearance of the eye grounds. Gradle ascribed this 
to the involvement of the central vein of Vossius, 
secondary to the involvement of the periosteal or 
dural veins adjacent to the diseased sinuses. 

L. White (20) made most important studies, be- 
ginning in 1923, on the relationship of the diam- 
eter of the optic canal to the prognosis, finding 
that 50 per cent of patients with optic nerve in- 
volvement having 4 millimeter canal measure- 
ments were unimproved, regardless of the type of 
treatment. He showed that extensive pneumati- 
zation of the sphenoid next to the canal is usually 
associated with a smaller caliber canal and thin- 
ning of its bone. He urged the search for an 
elimination of all distant foci (21), becoming more 
and more conservative with regard to the surgical 
drainage of posterior sinuses. 

As the preponderance of multiple sclerosis gave 
it first place in etiology of this type of optic neuri- 
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tis, toxic effects from chemicals, alcohol, and to- 
bacco, from diabetes, nephritis, and virus diseases 
became recognized as next in frequency, revising 
the figures of toxic absorption from the sinuses to 
the bottom of the list. Authentic reports reveal- 
ing sinus disease clearly as the cause had been 
made by Oliver and Crowe in 1927, and Peter in 
1928. Ellett in 1929 reported cases of prompt re- 
covery of vision after drainage of sinuses as well 
as after removal of teeth. He emphasized the 
need of careful analysis of the case before select- 
ing treatment. Benedict and Lillie in similar re- 
ports found the incidence of proved sinus infection 
so low in the study of large series of retrobulbar 
neuritis that they both considered its importance 
negligible. Campbell, after a comprehensive re- 
view of numerous authors giving discouraging 
opinions, conceded that there is in a small percent- 
age of cases an actual indication for surgical drain- 
age of the sinuses in retrobulbar neuritis. The 
study of Kennedy, in 1936, definitely established 
allergy as an important cause of retrobulbar neu- 
ritis to be considered in every case until any pos- 
sible allergic factor has been removed from contact. 

Early stages of visual disturbance in retrobul- 
bar neuritis may be only vague subjective symp- 
toms such as blurring which clears up rapidly. It 
is unlikely that many in this stage are examined. 
To proceed with diagnosis, multiple sclerosis must 
be ruled out by its numerous neurological signs 
and differentiated from syphilis by the use of both 
blood and spinal fluid serological tests. Any pre- 
ceding acute febrile disease or chronic exposure to 
chemicals, nicotine, or alcohol is sought in the his- 
tory. Foci such as diseased tonsils and teeth are 
carefully examined and elaborate study of the 
paranasal sinuses is made. Besides routine x-ray 
positions, lipiodol plates, made by puncture of 
maxillaries and by Proetz (16) displacements into 
sphenoids, are of great value; laminagrams made 
at 5, 6, and 7 centimeter levels in the coronal 
plane of the head, recently described by Cone, 
Dean, and Moore, aid greatly in the estimation of 
density in the posterior group of sinuses; in this 
district superimposed cells can be truly analyzed 
by this method only. 

In 1939 a personal series of 13 cases (5) was pre- 
sented before the Southern Medical Association, 
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all of which showed lesions of the retina and 
choroid. The point of especial importance demon- 
strated by these cases was their prompt response 
to removal of adjacent foci, such as sinuses, and 
the distant foci, such as teeth and tonsils. A strict 
diagnosis of retrobulbar neuritis was not made in 
any one of that group. In the intervening 2 years 
5 cases have been added to this series, each show- 
ing variations of extreme interest. In 1940 Carrol 
reported 100 cases studied by himself, in which he 
clearly differentiated between brain tumor and 
tobacco-alcohol amblyopia. He hoped fewer pa- 
tients with upper bitemporal hemianopia with 
failing vision would be subjected to repeated op- 
erations on teeth, tonsils, and sinuses. His series 
of cases clearly showed that the tobacco-alcohol 
group usually occurred in older ages, consisted 
mostly of men, and always had a bilateral centro- 
cecal scotoma, which was gradual in onset and 
recovery, not accompanied with pain on move- 
ment of the eyeball; and these patients gave a his- 
tory of heavy use of tobacco and alcohol with lack 
of vitamin B in the diet. The majority of his pa- 
tients with multiple sclerosis had already had 
sinus operations, however he believes that opera- 
tive treatment should be carried out for diseased 
sinuses. 

CasE 1. Mrs. D. M. B., aged 26 years, 1 month post- 
partum, had always had perfect health except for general 
allergy to a great many substances, which markedly in- 
creased during the fall grass season. For 1 week before the 
date of examination, February 4, 1941, she had pain over 
the right eye and right parietal region. She had had a se- 
vere cold with yellow discharge 2 months before which 
lasted a full month. Her vision began to fail after having 
the eye pain 5 days. Examination by Dr. John McGrath 
showed vision, right eye 22/100, and a hemorrhagic retini- 
tis on the right side. The vision in the left eye was normal. 
Because of the marked allergic nose and lack of findings on 
x-ray study, operation was deferred until February 21, 
1941, sphenoethmoidectomy was performed. The vision 
had been decreased to perception of light and dark only. 
The eye rapidly improved with normal vision and slight 
evidence of residual scarring at the end of 3 weeks. Almost 
the day on which Dr. McGrath reported that the vision 
was normal in the right eye, the left eye began to fail and 
tested 26/65, showing chorioretinitis with hemorrhage. 
She was admitted to hospital the same day and a spheno- 
ethmoidectomy was done on the left side. Recovery of the 
left eye was somewhat more rapid with normal vision in 2 
weeks and no sign of residual scarring. 

CasE 2. M. L., aged 21 years, a male adult noticed im- 
pairment of vision without any preceding cold or throat 
infection. Examination of eyes by Dr. Phillip Luedde on 
February 24, 1941, showed vision, left eye 20/15, right eye 
4/60, 2 weeks after onset. There was a large area of edema 
and exudate in the macular region of the right eye, accord- 
ingly the case was referred for study of the sinuses, which 
proved to be entirely negative. Because of marked chronic 
infection tonsils were removed on March 5, 1941. Recov- 
ery of the eye was extremely slow. Typical tuberculous 
lesions of the retina developed. He was given a course of in- 
jections of tuberculin and on October 10, 1941, 8 months 


after onset, the vision was 20/20, with correction in the 
right eye. 

Case 3. L. D. M., aged 32 years, a male adult, was ad- 
mitted on the service of Dr. Lawrence Post in Barnes Hos- 
pital, with a history of complete failure of vision on the left 
eye for 3 days. He had carried a severe nasal infection for 
several weeks. Ophthalmoscopic examination of the left 
eye showed blurred nerve head margins, hyperemic with 
yellowish gray exudate and large retinal hemorrhages. The 
right eye was normal. The vision in the left eye limited 

only to light and dark. Nose and throat examination 
showed yellow pus pouring from the sphenoid group of si- 
nuses on the left, and a large chronic infected tonsil frag- 
ment in the right fossa. Left sphenoethmoidectomy and 
removal of tonsil fragment was promptly done. He was dis- 
charged from the hospital at the end of 10 days with 20/80 
vision in the left eye. One month later the vision was 
almost normal, but there was residual scarring in the retina. 

CASE 4. H., aged 31 years, a saleslady, was exam- 
ined by Dr. J. G. Calhoun for impairment of vision in the 
left eye which had slowly increased for 1 month. The de- 
lay was based on her anxiety and she had consulted several 
physicians before the diagnosis of macular angiospastic 
retinitis was made. Dr. Calhoun urged prompt removal of 
all foci of infection and adequate intake of thyroid, in view 
of her metabolism of minus 25. Yellow pus was seen grossly 
about the sphenoidal sinus and ethmoids on the left. She 
was referred to hospital on June 6, 1941, and sphenoethmoi- 
dectomy performed on the left side. At the same sitting 
tonsil fragments were removed. The vision slowly improved 
in the left eye, and October 1, 1941, was 20/20 with correc- 
tion. 

CasE 5. B.R. B., aged 61 years, a housewife, whose case 
is included in this series with permission of Dr. Theodore 
Walsh because of its dramatic interest. She was admitted 
on the service of Dr. B. Y. Alvis in Barnes Hospital Decem- 
ber 21, 1939, with the history of recurrent iritis in the left 
eye for 9 months. She had an iridectomy on the left eye in 
May, 1939. On admission she had acute iritis, right eye, 
secondary glaucoma, right eye, cataract, left eye, colomba 
iris, left eye. No etiology was revealed in the general study. 
Sinus x-rays showed a soft tissue shadow on the floor of the 
right antrum, which was irrigated without positive finding. 
She re-entered hospital November 7, 1940, after a year of 
control of tension by use of atropine, having become sensi- 
tive to atropine. Eserine was then used, meanwhile she had 
had extensive tuberculin therapy. Fever therapy was 
started using Kettering hypertherm, and between this date 
and February 1, 1941, she had a total of 5 sessions. There 
was marked improvement of iridocyclitis in the right eye, 
but no change in the left. 

On her admission March 22, 1941, she had become sensi- 
tive to eserine and elaborate effort was made to control the 
tension in the right eye. All studies were repeated, and 
Dr. Stanley Hamptom in consultation suggested review of 
the sinuses as source of bacterial allergy. In view of slight 
increase of density within the sinuses in a second x-ray 
study, Dr. Theodore Walsh advised exploring the maxil- 
lary sinuses. This was done on April 23, 1941, by Dr. 
Walsh, revealing the antra filled with thin foul secretion 
under pressure, the antral linings thickened and polypoid. 

She was discharged May 7, 1941, vision in the right eye 
improved to 6/15, its tension reduced, remaining 15 to 20 
and being easily controlled. Dr. Alvis reports on October 
15, 1941, 4 months after operation, that the tension was 
normal in the right eye on reduced doses of pilocarpine, 
which will soon be discontinued. 


At no stage in the observation of this group was 
a typical effect of retrobulbar lesion noted. There 
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TABLE I.—CASES OF RETROBULBAR NEURITIS (27) ADMITTED TO BARNES HOSPITAL 
FROM 1929 TO 1939 
= — — — ————————— | = 
Age Sex a. Concurrent disease General therapy Local therapy Course 
22 M Both | Multiple sclerosis Not treated Not improved 
22 F Both | Sphenoethmoidectomy Improved 
bilateral 
38 M Both | Alveolar abscesses Not treated Not improved 
21 M Both Intravenous typhoid | Improved 
27 M Both | Diabetes Insulin Improved 
(Col.) 
37 M Both "Alcohol and tobacco Intravenous typhoid Tonsillectomy Improved 
amblyopia 
45 M Both | Alcohol arteriosclerosis Limit alcohol Improved 
60 M Both Nephrectomy 6 months before Not treated 
36 M Both "| Tonsillectomy Improved 
34 F L | _[Sehmeeh noethmoidectomy Improved 
ilateral 
48 M Both | Prostatis chronic Intravenous typhoid Tonsillectomy Improved | 
44 M Both | Central nervous system syphilis} Fever therapy hy pe rthe rm Not improved 
53 F Both | Hypothyroidism Displaceme nt irrigations Improved 
60 M Both | Hysteria? Not tre onary 
34 M Both Tonsillectomy | Improved 
36 M Both Sphencethmoidectomy Improv € d 
(Col.) Antrum windows 
35 M R, Spontaneous pneumothorax Sphenoe thmoide ctomy, right | Improv ed 
61 M Both | Cystoma of femur, right Not treated Not inmeevel 
21 M Both | Brain tumor, osteoma Craniotomy Tonsillectomy Not improved 
of sphenoid 
32 F Both | Brain tumor, cholecystitis Cholecystectomy craniotomies Improved 
(3) 
58 M Both Intravenous typhoid Sphenoethmoidectomy, Improved 2 yrs., 
tonsillectomy craniotomy, death 
30 F L  Satravences typhoid Improved 
= ou cicinancasccaccicanscoaag aa = = = 
34 F L intravencus typhoid Cause not found Improved 
(Col.) 
64 M Both | Alcohol avitaminosis Vv itamin B therapy Improved 
Hypertension 
48 F Both | Psychoneurosis | Sphenoethmoidectomy Improved 
| bilateral 
20 F Both | Allergy | Sphenoethmoidectomy Improved 
| bilateral 
22 F L Allergy, hives | Sphenoethmoidectomy, left Improved 










































































is a variety of retinal lesions, all seen during an 
acute stage and all responding more or less 
promptly to surgical drainage of sinuses, and re- 
Cases 1 and 5 had definite al- 


moval of tonsils. 


lergy, the latter patient becoming very sensitive 
to drugs used in the eye. Although she had re- 
sponded to fever therapy with remission of symp- 
toms, the longest period of improvement began at 
once after clearing out the maxillary sinuses and 
she is more comfortable now than at any period of 
her complicated eye history. 


Case 1 belongs to 


During 


the group classified as lactation amblyopia (Ima- 
chi and Maruoka, and Sautter) for which Sautter’s 
treatment was salicylate sweats, high doses of 
vitamin B,, and calcium preparations. 

In a review of all patients with optic neuritis 
admitted to Barnes Hospital in the past 1o years 
—85 in number, not including records of out 
patient dispensary of Washington University—it 
is noted that in 27 a diagnosis of retrobulbar neu- 
ritis was made (Table I). 
there were 195 cases of multiple sclerosis admitted 


the same period 
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to Barnes Hospital in 1 of which a diagnosis of 
retrobulbar neuritis was made. The principal con- 
tributing factors noted in the 27 cases of retrobul- 
bar neuritis were: remote foci in 6 cases; alcohol in 
3 cases; brain tumor in 2 cases; sinus disease in 8 
cases; systemic disease in 3 cases; complicating 
allergy in 2. Of the 27 patients with a diagnosis of 
retrobulbar neuritis, the condition of 8 was im- 
proved by sphenoethmoidectomy, 1 after 2 years: 
6 were improved by typhoid and fever therapy; 2 
made a spontaneous recovery with no treatment. 

One is reviewed in detail with the permission of 
Doctors Cone and Votaw. It is of particular in- 
terest because there is an unproved allergy in the 
history, prompt recovery of the patient after sur- 
gery of diseased sinuses and a follow-up for 214 
years with no further visual disturbance. 

CasE 6. W. W.R., aged 22 years, a white female, en- 
tered Barnes Hospital April 7, 1939, with failing vision of 
3 weeks which had followed a left frontal headache with no 
preceding throat or nose obstruction. She gave a history 
of hives and angioneurotic edema in January, 19309, after 
eating shrimp, but no likely causative agent was taken be- 
fore this attack. Examination by Dr. Lawrence Post 
showed vision 20/60 in the left eye with an eccentric sco- 
toma. Nose and throat examination was entirely negative 
except for delayed emptying of lipiodol from the left sphe- 
noid. Laminagrams had shown blurring of the left posterior 
sinus group. After consultation with Dr. L. W. Dean re- 
section of the left sphenoid and ethmoid cells was done 
with marked improvement of vision in the left eye in 3 days. 
Section of tissues from the sinuses showed marked inflam- 
matory change. The vision on May 10, 19309, in the left 
eye was 20/25 —2. 


Whatever is done for the relief of retrobulbar 
neuritis or for extensive acute retinal lesions, in 
the way of sinus surgery or removal of foci, should 
be promptly carried out, damage to the optic 
nerve being rapid and commonly followed by per- 
manent residual atrophy. The opportunity to 
demonstrate improvement after surgery is lim- 
ited because the cases showing indications are few 
in number, and the surgery is done concurrently 
with all forms of general therapy. When used 
there are various theories regarding the value of 
surgery of the sinuses: 

1. Drainage of infectious material away from 
direct contact with the optic nerve. 

2. Removal of a negative pressure effect within 
the sinuses which produce an emigration of toxins 
and bacteria to the tissues about the optic nerve 
(White, 20). 

3. Decompression of the nerve by free incision 
of blood and lymphatic vessels when engorged 
tissues are removed (Proetz, 17). 

4. Production of hyperemia, restoring blood 
supply to the nerve, anemic from swelling within 
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the bony canal or by thrombosis of small ves- 
sels supplying them. Benedict and Lillie believe 
that the same thing may be accomplished by the 
use of stimulating chemicals within the nose. A 
most elaborate survey by Duggan, 1941, takes a 


_Strong stand against removal of foci except for the 


sake of removal as a toxic source—and not that 
such removal would influence an angiospastic le- 
sion to which he thinks retrobulbar neuritis be- 
longs; he considers it a localized tissue anoxia, a 
histamine effect, and ‘“vasodilating therapy di- 
rected toward these pathological changes is both 
logical and effective—that nasal sinal surgery is 
nonspecific in mode of action—and that improve- 
ment of vision is more rapid and more marked 
(with vasodilator treatment) than when other 
types or no therapy at all is used.” 


CONCLUSION 


Even though the question should remain open 
because of so many qualifying factors, surgery of 
any diseased sinuses seems to be indicated when 
the condition occurs in its rare association with 
retrobulbar neuritis. The presence of allergy in- 
creases the indication for surgery according to our 
experience. Study of the records certainly con- 
firms the stated importance of removal of foci dis- 
tant from the optic nerve, such as teeth and ton- 
sils. The use of laminagrams is a valuable addi- 
tion to the x-ray study of posterior sinus disease. 
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MANAGEMENT OF OPHTHALMOLOGICAL SURGICAL 
COMPLICATIONS 


THOMAS D. ALLEN, M.D., F.A.C.S., Chicago, Illinois 


N its broadest sense, surgical complications 
imply not only the complications of the 
actual surgical procedure, but also the un- 
desirable and unlooked for reactions to 

surgery on remote parts of the body. These can 
be divided roughly into three large groups. The 
first group comprises conditions in which surgery 
is attended by grave risks; the second, cases in 
which the eyes themselves have given evidence of 
intolerance to any surgery. The third group is 
made up of cases in which one would naturally 
expect a good result but complications arise 
through fortuitous circumstances such as the 
patient falling out of bed or becoming delirious 
and pulling off the bandages and injuring the eye. 

First let us consider that group of cases in 
which life expectancy is short, i.e., malignancy or 
advanced senility or great physical depression. 
Only the most necessary of operations should be 
done. Sometimes however even in advanced 
senility one obtains very favorable results. I 
remember operating on a patient at the clinic 
who was 96 years old and had a tumor of the iris. 
It seemed to be well localized but was growing. 
He came of a long-lived family, his father being 
100 years of age at the time of death and his 
mother well along in years. He himself was in 
very good health considering his years. He 
recovered from the iridectomy and apparently 
there were no metastases. A year and a half later 
I removed the lens of the eye because the vision 
had deteriorated to less than 20/200. He recov- 
ered in the usual time without complications with 
vision of 20/40. There was very slight macular 
degeneration. He read large printed matter for 
several years. He lived to the age of 103 years. 

In systemic diseases such as advanced tubercu- 
losis great care should be taken not to do unneces- 
sary surgery, particularly such surgery as will 
require the patient to lie quietly on his back for a 
day or two. In diabetes one does not worry as 
much as one used to. Our practice is to put the 
patient in the hospital for several days or a week 
before operation—sometimes longer—so that the 
diabetic service will be able to control the situ- 
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ation; we do not operate until that service tells us 
to go ahead. In acute infections such as diphthe- 
ria, scarlet fever, or acute colds one must be 
exceptionally careful. All but the most urgent 
surgery should be postponed. I recall a little 
Chinese boy who was brought in with a bad 
laceration of the eye. He had fallen on a milk 
bottle. The cornea had to be sewed up immedi- 
ately although he had a fever of 101 degrees and 
a bronchitis that was very evident. In this case 
intravenous anesthesia was given, the eye was 
sewed up, the conjunctival flap was brought over, 
and the patient then put on the medical service. 
There were no serious complications. 

Infections around the teeth and gums, to my 
mind, constitute contraindications for any but 
immediate surgery. The mouth should be cleaned 
up first and any pockets of pus or infected roots 
should be treated or the teeth removed. We are 
more apt to see these patients in the clinic than 
in private practice and therefore are apt to over- 
look the obvious. 

Let us next take that group of cases in which 
we have learned to expect only grief; for instance, 
an acute inflammation in the sympathizing eye 
of a sympathetic ophthalmia. 


CASE REPORT 


Mr. Jones, No. C-15588, 74 years of age, was brought to 
me with a history that nearsightedness had begun 19 
months before. A diagnosis of cataract had been made and 
the left eye was operated upon in December, 1935, about 6 
months before I saw him. Apparently there was a post- 
operative prolapse of the iris. He left the hospital 5 days 
after the operation and the eye began to pain him very 
greatly. His doctor told him he had an infection and sent 
him to a dentist who found a good many of his teeth in bad 
condition. Nearly all of these were extracted during the 
succeeding several months but there was no improvement 
in his eyesight. At times there was very great pain which 
began to affect the right eye about 2 months before I saw 
him, that is, in May. This right eye had been perfectly 
normal before the operation according to his story and he 
had been advised that no operation would be necessary 
upon that eye. 

I found his left vision was o, the tension —3. The eye 
was markedly inflamed and shrunken. The cornea was 
milky and wrinkled and the eyeball was exquisitely tender. 
The right eye was not particularly inflamed; the vision 
counting fingers at 6 feet in dim light. The pupil was 
semidilated and vertically oval, about 3.5 by 4.0 milli- 
meters. There was a gray reflex in the pupil. The anterior 
chamber was of fair depth. There were a few precipitates 
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on the lower portion of the cornea and several pupillary 
synechiae. Considerable pigment was present on the 
anterior capsule and there was clouding of the cortex. No 
cycloplegic or mydriatic had been used in this eye according 
to the patient’s statement. 

After atropine was used in the right eye, 3 rather firm 
adhesions were found and there was a marked opacity on 
the posterior pole of the lens so that it interfered consider- 
ably with the view of the fundus. A faint view of one 
artery only was seen in the fundus. 

In order to relieve him of pain the left eye was enucle- 
ated, and the routine medical treatment for sympathetic 
uveitis of the right eye instituted; salicylates, typhoid 
vaccine intravenously, local heat and cycloplegia. The 
iritis rather promptly subsided, but it would recur from 
time to time, lasting for a few days. The tension of this eye 
was within normal limits for some weeks but it gradually 
increased and neither cycloplegics nor miotics helped. He 
was carried along with a tension in the 30’s for about 6 
months, when the tension rose to 60 millimeters of mercury, 
at which time he was hospitalized and a paracentesis done. 
Following this the eye remained quiet for a month, when 
suddenly there developed considerable pain in the eye and 
I found a spontaneous rupture of the anterior capsule of the 
lens, just below the center. Cortex was found in the 
anterior chamber. The tension was considerably increased 
but the eye was too tender for us to use the tonometer. 

In consultation with both Dr. Gradle and with Dr. 
Brawley it was decided to attempt an immediate removal 
of the lens and the capsule if possible. The lens could not 
be removed in the capsule naturally because the capsule 
had already ruptured. After VanLint akinesia and a retro- 
bulbar anesthesia of the ciliary ganglion and 1 per cent 
cocaine subconjunctivally was used to assure complete 
anesthesia, I dissected a conjunctival flap down from 
about 4 millimeters from the limbus and placed the sutures 
before making a corneal section. The corneal section was 
then done, a complete root iridectomy was obtained, the 
nucleus and cortex were expressed and the chamber irri- 
gated without complications. It was impossible to remove 
much of the anterior capsule. 

At first dressing the pupil was found filled with an 
exudate and the iris was quite thick. The pupil remained 
fairly large but the anterior chamber did not form. Con- 
nected with the pupillary exudate was a yellowish white 
thick mass which lay on a portion of the iris and in the 
colobomatous area and there was a distinct tumefaction of 
the iris at 11 o’clock. He was markedly sensitive to atro- 
pine and scopolamine so duboisine was used. The tumefac- 
tion in the iris gradually subsided and the cornea seemed 
to become more normal. As the anterior chamber re- 
formed it was filled with exudate so that there was no 
aqueous interval seen with the slit lamp beam. Two 
months after the operation there were minute hemorrhages 
present on the lens capsule and iris. Later the cornea 
became quite vascularized, the projection was very poor, 
the tension became minus and the sclera began to shrink. 
The vision of course was o. 


I cite this case for several reasons. In the first 
place, the time to begin to handle surgical com- 
plications is before surgery is attempted. This 
man’s teeth did not suddenly become worse after 
the cataract operation was done. The teeth 
should have been put in order before the first 
cataract operation was done. One should also 
anticipate possible complications of a prostatic 
nature or a gall bladder nature or a bowel nature. 
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My uncle was operated upon unsuccessfully in 
Florida for cataract because the doctor had not 
recognized a habitual cough that he could not 
control. This cough racked him at least twice an 
hour during his waking hours. Naturally he had 
a prolapse of the iris and a detachment of the 
retina. It is easier to manage these surgical com- 
plications before we attempt surgery rather than 
afterward. 

Another reason I have cited this case in such 
length is because of the short period of hospitali- 
zation following the cataract extraction. The 
operation was done on December 3, and he left 
the hospital on December 8. It is true that 
cataracts used to be done in the doctor’s office and 
the patient allowed to go home the same day, 
possibly 8 or 10 miles into the country in a farm 
wagon; but you would not wish to have yourself 
or your relatives so treated. One of the most 
careful surgeons in the United States keeps his 
patients flat on their backs for several days, 
occasionally 2 weeks, after the operation and 
practically never lets them leave the hospital 
under 2 weeks. Some years ago I was impressed 
by the action of a general surgeon who removed 
my wife’s gall bladder. It was a beautiful opera- 
tion, clean anatomical dissection, clean anatom- 
ical removal. I marvelled that he did not look at 
the wound for 10 days. He was sure of his 
surgery. He was sure of his technique. I wonder 
how many of us can keep our hands off an eye 
that has been operated upon for cataract for 3 or 
4 or 5 days after operation. 

Another reason I quoted this history was the 
fact that the patient’s right vision was normal, so 
he said, and he quoted the doctor as saying that 
no operation would have to be done on the right 
eye. Seldom do we need to operate for cataract 
when the vision of the other eye is good. Very 
occasionally we will find an overripe cataract or a 
cataract beginning to become overripe in one eye 
and no opacity or only an immature cataract in 
the other eye, the vision in the second eye being 
nearly normal. ; 

Still another reason is that the doctor appar- 
ently lost interest in the case at a most critical 
time merely turning him over to the dentist who 
was in a distant city. Also, he did not recognize 
over a period of 2 months, the beginning signs of 
sympathetic ophthalmia or he would not have 
rested until the exciting eye had been removed. 

I cannot emphasize too strongly: First, the 
most important thing in the management of com- 
plications is to avoid having them by careful 
preoperative study of the case and by refusing to 
operate upon patients unless there is definite 
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indication therefor. Second, consultation is al- 
ways in order. The patients may protest that 
they think highly of us but they know that 
none of us is all wise, and seldom do we find a 
patient who will not welcome consultation. The 
patient must have thorough confidence in the 
surgeon and the surgeon in himself. 

One of the most difficult and one of the most 
usual complications after cataract extraction is 
prolapse of the iris. This problem has been met 
in several ways. The usual preventive measures 
have been peripheral or complete iridectomy and 
careful toilet of the wound; but occasionally one 
finds a small knuckle of iris appearing at the 
wound even when this is accomplished. We were 
taught in Vienna that prolapses usually occurred 
on the third or fourth day. Therefore it was not 
unusual to have the patient, after a cataract 
operation, get off of the table and be led, not 
carried, to his room. He was allowed to sit up in 
a chair until the second or third day, when he was 
put to bed for a few days. I saw many prolapses 
on this regimen. Canthotomy on unruly patients, 
on patients with prominent eyes or on those 
who are deaf or cannot understand the language 
is a very valuable procedure, as Dr. Gradle has 
recently shown. Also complete anesthesia and 
proper akinesia are of prime importance. 

On our service at the Illinois Eye and Ear 
Infirmary we have found that since our technique 
has been slightly changed prolapses are very 
much fewer than they used to be. On our service 
there are two first assistants who alternate in the 
operating room, changing off every 3 months. 
One is a staunch advocate of the Verhoeff radi- 
ating limbal suture with conjunctival cowl. The 
other uses parallel corneoscleral sutures with con- 
junctival cowl. Otherwise their techniques are 
quite similar and include culture from the con- 
junctiva taken 48 hours before the operation and 
at the operation, akinesia and ciliary ganglion 
anesthesia, iridectomy (peripheral or complete), 
careful extraction, careful postoperative toilet and 
a preliminary canthotomy if the patient is un- 
co-operative or the eyeball is rather prominent. 
Their desire is to produce nonleaking close ap- 
proximation of the wound. Dr. Leech examines 
his patients after 48 hours, Dr. Nethercut and I, 
after 96 hours. In case pain or a suggestive fever 
occurs before the time for the regular dressing 
naturally our routine calls for immediate investi- 
gation of its cause. The first dressing is the most 
important as at that time careful handling will 
avoid prolapses that careless handling would pro- 
duce. The careless removal of the dressings or 
raising of the upper lid with the thumb placed 
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over the supraorbital notch has caused more than 
one prolapse. The thumb should be placed tem- 
poral to the supraorbital notch and the lid should 
be very gently raised. 

But once a prolapse occurs, it should be recog- 
nized and notations of its first appearance made 
upon the record. I am not inclined to touch it for 
nearly a week unless it occurs within 48 hours as 
I wish the wound to be as firmly healed in the rest 
of its extent, as is possible. At the end of a week, 
depending upon its size and whether or not it is 
covered with conjunctiva, the treatment begins. 
If it is a small prolapse and covered entirely with 
conjunctiva, after anesthetizing with pontocaine, 
we touch the prolapse with a very small applicator 
dipped in trichloracetic acid. This treatment is 
repeated daily. It is important immediately be- 
fore this treatment, to dry the area to be treated. 
The trichloracetic acid is a saturated solution. A 
dry cotton-tipped applicator should then be ap- 
plied so that the trichloracetic acid will not touch 
other parts of the eye. This treatment is repeated 
daily for a week, then 3 times a week for 2 weeks. 
It is remarkable how many of these prolapses 
will flatten out under this treatment without 
further complication. 

Larger prolapses and those not covered with 
conjunctiva have to be handled surgically. It is 
my opinion that as a rule we do not spend enough 
time planning our course of action, and certainly 
not enough time to get complete anesthesia when 
operation is decided upon. Also we are too 
anxious to get through with the operation, to 
cover up the eye, to hide our errors of technique 
with a bandage. One must be exceedingly delicate 
as the tissues are very thin and undue haste or 
pressure will cause disastrous loss of vitreous. 
The part must be thoroughly anesthetized by 
retrobulbar and subconjunctival injection as well 
as topical application so that there will be 
absolutely no feeling. This anesthetization is 
decidedly more difficult than at the time of the 
first operation. One must remember also that 
unless the eyeball is soft before it is opened, as 
soon as the prolapsed iris is cut, vitreous will 
present. Therefore in the retrobulbar injections, 
enough adrenalin must be used with the anes- 
thetic to cause a tension of —1 to the fingers 
within 10 minutes. We wait until that softening 
occurs before opening the wound. 

Some sort of a conjunctival flap must be pre- 
pared before the prolapse is excised. This can be 
a sliding flap or a simple cowl. Sutures must be 
placed in the corneal and/or the scleral tissues. 
If one bears in mind the histological relationship 
in a case of prolapse, he will better understand 
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how to handle the situation. A prolapse means 
ihat there is very little tissue between the con- 
tents of the eye and the outside world. At the 
edge of the prolapse the cornea and/or sclera are 
shelved to almost infinitesimal thinness. If the 
prolapse is large how can one expect to provide 
protection with only a conjunctival flap? It is 
essential to have the edges of cornea or sclera 
meet in such a way that they will grow together 
and be firm enough to withstand the postoper- 
ative intraocular tension. This may be aided by 
doing a cyclodialysis immediately after the pro- 
lapse is excised. Canthotomy will relieve post- 
operative pressure from without; this is imper- 
ative in the so-called “‘squeezers.”’ 

The actual excision is to my mind best preceded 
by a very light cautery, either chemical or ther- 
mal, of the epithelial structures that cover the 
prolapse and the nearby tissues, that is, for at 
/east 2 millimeters beyond the prolapse. When the 
eyeball is thoroughly softened and after the con- 
junctival flap is prepared, one should carefully 
dissect down until the iris is reached at the root 
on both ends and on the scleral side of the pro- 
lapse. The iris is then grasped and an attempt 
made to free it very delicately from the corneal 
adhesions. This can usually be done with the fine 
forceps but occasionally a spatula is necessary. 
The prolapsed iris should be pulled out away from 
the adhesions to both distal and proximal edges 
and carefully excised so that the part remaining 
will retract. The corneoscleral edge is then very 
carefully prepared with the scissors in such a way 
that the drawing up of the sutures will cause an 
exact approximation of the two edges. Inter- 
rupted fine silk sutures threaded on small corneal 
needles are placed perpendicular to the wound so 
as to hold the edges together and make it water- 
tight; they penetrate only the anterior layers of 
stroma. The sutures are then drawn up to demon- 
strate this and before being tied, their ends are 
passed through the conjunctival cowl. The su- 
tures should be tied snugly but not so tightly as 
to invert or evert the edges. When they are tied 
we therefore have accurate approximation of an 
appreciable thickness of cornea and an appre- 
ciable thickness of sclera from the anterior surface 
of which all epithelium has been removed for at 
least 2 millimeters. The raw surface of the con- 
junctiva therefore has a chance to send down into 
these tissues new-formed blood vessels. Such an 
eye should be immediately treated with atropine 
and bichloride ointment and both eyes bandaged. 
It should not be re-examined for at least 4 days. 
Our recurrences are due to meddlesome inquisi- 
tiveness which should not be tolerated. 


If we do our surgery well, we do not have to be 
meddlesome. If we do not do our surgery well, we 
should quit doing surgery. Prolapses sometimes 
occur in the best of hands but too many of them 
indicate poor surgery. 

One of the most embarrassing complications 
which we encounter is an inability to extract the 
lens before loss of vitreous has taken place. This 
may be due to an improper corneal section. 
Recently one of the residents who had had some 
experience, inserted the cataract knife back of the 
iris. The anterior chamber in this case was par- 
ticularly shallow and a corneal section should not 
have been attempted in the usual way. The knife 
was withdrawn and the section was completed by 
the attending surgeon with the aid of scissors. 
Fortunately the Verhoeff sutures had been pre- 
viously placed and were ready to be tied before 
the attempted removal of the lens. When the 
iridectomy was done vitreous presented. The 
speculum was removed and the eye was closed for 
5 minutes. The upper lid was raised with the 
suture which had previously been placed in it and 
a DeMarr retractor was inserted. The vitreous 
had replaced itself, the blood was washed out of 
the anterior chamber and on attempting to grasp 
the capsule with the forceps, again vitreous pre- 
sented. To go after the lens in the usual way 
would have invited certain disaster. Consequently 
a thin probe with a very smooth knob at its end 
was used to break a few zonular fibers at a time. 
In order to do this the corneal lip had to be raised 
very gently. The fact that vitreous presented in 
the wound meant that some of the zonular fibers 
had already ruptured. Therefore the first to be 
ruptured intentionally were the lower ones, then 
those on each side, a few at a time, until nearly all 
of them were ruptured, after which the lens was 
easily removed with the loop. The Verhoeff 
sutures were pulled up and before being tied, the 
prolapsed vitreous was very carefully excised. 
(One must be cautious in this maneuver as the 
sutures can be cut so easily.) The sutures were 
then tied, and with a spatula, the iris was freed 
from the wound. 

The removal of a lens freely floating in the 
vitreous presents many difficulties. Particularly 
is this so when it does not disappear into the 
vitreous until after the section has been made. 
This can best be handled by the use of a focussed 
fluorescent light, or by locating the lens with the 
ophthalmoscope, using a fluorescent light. Great 

care must be taken not to injure the retina as a 
hole is very often produced and detachment of the 
retina invariably results. It is considered better 
surgery to leave it alone unless it can be floated 
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into the anterior chamber and incarcerated there 
by contracting the pupil behind it. 

Intraocular hemorrhage on the fourth or fifth 
postoperative day is usually not of great import 
but occasionally a small vessel will repeatedly 
bleed even after a simple iridectomy. Thorough 
study of the vitamin K and vitamin C content of 
the blood should be made. The patient’s blood 
should be typed; we have found that small trans- 
fusions of blood repeated 2 or 3 times are usually 
followed by very satisfactory results. The oppo- 
site treatment—preoperative bleeding—is also 
occasionally successful, especially if the blood 
pressure is elevated. Undoubtedly preoperative 
bleeding of the patient used to be done too fre- 
quently. I remember Dr. Casey Woods’ pre- 
operative orders were frequently, “Be ready to 
take 100 cubic centimeters of blood just before 
the operation.” 

I recall the case of a friend of mine who had a 
glaucoma in its early stages. He very much wished 
to be relieved of the necessity of using drops and 
as the drops did not perfectly control the tension 
at all times, it was felt wise to operate. A simple 
iridencleisis was done, without complications. On 
the second night he hit the eye with his hand 
while asleep and this was followed by some pain. 
The next morning a smal] amount of blood was 
found in the anterior chamber. The bleeding con- 
tinued until the chamber was nearly filled with 
blood and on the fourth day a small transfusion 
was given him before the chamber was opened to 
irrigate. The transfusion was repeated and he had 
no further complications. 

This matter of postoperative bleeding that 
occurs spontaneously is often of grave concern and 
calls for the co-operation of an internist who is 
studying hematology. Small transfusions of too 
cubic centimeters or thereabouts repeated daily 
are often of great benefit. I have not found cal- 
cium therapy as beneficial as some have claimed 
it to be. Should the blood remain in the anterior 
chamber for any length of time there results a 
blood staining of the cornea. I make it a practice 
to evacuate it about the seventh day unless by 
that time it seems to be disappearing. 

Postoperative glaucoma is a condition that we 
would see less often if we would study our cases 
thoroughly from the standpoint of unearthing a 
very early glaucoma. If we find an early glau- 
coma I believe that it is a point of wisdom to do 
a deep root iridectomy preliminary to a cataract 
extraction. The iridectomy should be complete if 
it is found that the pupil will not dilate well 
during the preliminary study. I believe that the 
tonometer is not used one-tenth as much as it 


should be in our preliminary examinations. In 
this paper we cannot take up what constitutes a 
thorough examination of the eyes but suffice it to 
say that we cannot make such an examination in 
1 or 2 days. When we do find that there is a 
postoperative glaucoma, naturally there are coun 
teracting measures which should be taken. One 
of the necessary procedures is to examine the iris 
first with the slit lamp and a very fine beam and 
second, with a gonioscopic contact glass. Goni 
oscopy is coming into its own slowly but surely. 
Just as one learns microscopy first with a low 
power instrument, so one should learn gonioscopy 
first with a simple loupe and a good spot light. 
The higher the magnification and the more knife- 
like the beam of light naturally the greater the 
detail. 

As a rule a postoperative glaucoma shows up 
within a month or 6 weeks after the operation. 
Sometimes it is brought on by continued instilla- 
tion of atropine. Occasionally it can be adequate- 
ly controlled by the use of a miotic. Often, 
however, operative measures are necessary. These 
measures will depend upon what one sees with the 
gonioscope. If the iris angle is well open and 
there are no peripheral synechiae, goniotomy may 
be tried. This is a very simple operation and can 
be repeated many times. Often a single operation 
is effective. It need not necessarily be done under 
a contact glass but the eye must be thoroughly 
studied with a contact glass before it is attempted. 

If a pillar of the iris is caught in the corneal 
wound and particularly if the anterior chamber is 
rather shallow, cyclodialysis seems to me to be the 
logical operation. This also can be repeated a 
number of times. We occasionally use air injec- 
tions in the anterior chamber after this operation. 
The air should not be under great pressure but 
this procedure pushes the iris and vitreous away 
from the cornea. Occasionally a trephine is in 
order or an iridencleisis with or without sclerec- 
tomy. 

In colored people we are more apt to have 
complications; therefore, our technique must be 
extraordinarily accurate and delicate. In colored 
people we find that it is better to do no unneces- 
sary operating. 

Occasionally we have so much postoperative 
reaction that the pupillary area is occluded or we 
have had loss of vitreous and the iris is drawn 
well up into the wound where it is incarcerated. 
We like the technique of making a meridional 
incision in the lower iris in all cases when a 
moderate amount of vitreous has been lost. This 
can be best done with the de Wecker or other very 
fine scissors and we do it just before the incision 
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is closed. It should be carried well down toward 
ihe root of the iris. When this has not been done 
and the pupil is obstructed by exudate or by the 
iris being drawn well up toward the wound, after 
the eye is quiet a small subconjunctival incision 
into the anterior chamber can be made from below 
and the iris root caught in a small iris forceps and 
drawn out so that an iridectomy can be done. 
The less done the less is the subsequent reaction. 
There should be sufficient adrenalin used before 
the operation so that there will be little or no 
bleeding into the anterior chamber. 

Delirium is one of the bugbears we must all deal 
with. Recently a graduate of Rush Medical 
College, class of 1894, our history No. D-4107, a 
man of astonishing vitality, asked us to remove 
one of his cataracts. When he became delirious 
we removed the patch from the eye not operated 
upon, got him out of bed, and had his wife stay 
in the room with him; but all to no avail. Then I 
found he had been getting a barbiturate. The 
resident had just come on service and did not 
know that barbiturates occasionally cause a psy- 
chosis, particularly in elderly people. When 
paraldehyde by rectum was substituted he slept 
like a child and awoke refreshed and in his right 
mind. 

We believe it important also to push fluids in 
elderly people; chipped ice, ginger ale, and often 
soda in small doses reduce the tendency to nausea 
and the tendency to dehydration. Infection is 
more easily prevented than combatted. We 
always take a culture 48 hours before any intra- 
ocular surgery. Small colonies of streptococci are 
occasionally overlooked on a 24 hour culture plate. 


We lost an eye some years ago because of this and 
since then insist on a 48 hour culture. One or two 
colonies of nonhemolytic staphylococcus do not 
cause us concern if the eyelids look normal and if 
we use 1 per cent silver nitrate just before the 
surgical procedures are begun. It precipitates the 
protein in the conjunctival sac if left in the eye for 
30 seconds; it can then be washed out. It tends to 
cloud the cornea temporarily. 

We always test the patency of the lacrimal 
passages during our preliminary survey. Appro- 
priate measures are taken when necessary. Should 
the patient have a fever or should the eye be 
uncomfortable during the first 48 postoperative 
hours we do not hesitate to remove the bandage. 
We first examine the dressing and secretion at the 
lid borders. If this examination suggests infection 
or if the upper lid is not normally wrinkled we 
carefully inspect the eye. Smears and cultures are 
made. Atropine and a mild antiseptic such as 
1 per dent aqueous mercurochrome and bichloride 
ointment are used, the eyes are rebandaged and 
milk injections are given. With the advances in 
chemotherapy our methods will undergo revision, 
I am sure. We have given one patient sulfa- 
thiazol; another had massive doses of x-ray; the 
former recovered; the latter did not. 

I realize that many situations can arise that 
are not covered by these scattered remarks. The 
main idea that I would wish to leave with you is 
that surgery should be preceded by most careful 
study of the patient and when surgery is at- 
tempted one should bear in mind that the eye is a 
most delicate structure and reacts badly to care- 
lessness. 





INFLAMMATION OF THE SALIVARY GLANDS 


AUGUST L. BECK, M.D., F.A.C.S., New Rochelle, New York 


T the risk of being accused of reverting to 
old-fashioned nomenclature the term in- 
flammation, rather than infection, is 
used in the title of this paper for the 

reason that some of the inflammatory conditions 
are caused by drugs and are not primarily caused 
by micro-organisms. The chief purpose of the 
paper is to discuss the various types.of infection 
of the salivary glands. Until I began to realize 
that infection of the salivary glands ties up with, 
and is really a part of, infection of the cervical 
fascia my conception of infection of these glands 
was indeed vague. 

The process may be primary and limited to the 
salivary glands, or the glands may become in- 
volved secondarily in the course of a systemic 
disease. In the latter instance the involvement 
constitutes a complication, and if it occurs during 
an attack of typhoid fever it is none the less a case 
of typhoid fever and the record is filed under that 
heading; likewise it is none the less a case of 
parotitis. This makes literary investigation diffi- 
cult and the witticism ‘always a bridesmaid, 
never a bride’’ applies. 

It should be remembered that there is a close 
anatomical relationship of the salivary gland and 
lymph nodes. In the case of the parotid gland 
some lymph nodes are situated on the capsule and 
some are enmeshed in the gland itself. In the case 
of the submaxillary gland the lymph nodes lie on 
the capsule. This relationship suggests that it is 
possible that there may be inflammatory swelling 
at the location of the salivary gland which may at 
first be wholly a lymphadenitis. I have observed 
inflammatory swelling over the site of these 
glands, parotid and submaxillary, from infection 
in the lymph nodes without marked involvement 
of the salivary gland proper. Infection may 
involve the gland secondarily. 

Some inflammations of the salivary glands, par- 
ticularly the parotid, are metastatic. Osler desig- 
nated these complicating and metastatic inflam- 
mations, symptomatic parotitis or parotid bubo. 
They are usually acute. 

There are several specific types of salivary 
gland inflammation, chiefly mumps, uveoparotid 
fever and Mikulicz’s disease or syndrome. 

Presented in the symposium, The Salivary Gland, before the 


Clinical Congress of the American College of Surgeons, Boston, 
November 3-7, 1941. 


MUMPS— EPIDEMIC PAROTITIS 

A full discussion of this disease is not considered 
necessary, but a few remarks are in order. In the 
first place mumps is a virus disease and is defi- 
nitely epidemic. All the salivary glands may be 
involved or only those of one side, either simul- 
taneously or in succession. Only one gland may be 
involved. It is usually acute but occasionally 
becomes chronic due to hypertrophy. There is no 
suppuration. In the diagnosis it is important to 
ascertain the existence of any cases of mumps 
which the patient may have contacted within 3 
weeks. An inquiry at the health department will 
obtain information as to the existence of known 
cases of mumps. It should be remembered that 
mumps often develops in patients after hospitali- 
zation for other reasons. In our records there are 
a number of instances of the development of 
mumps during the convalescence from injuries 
and operation. Obviously the contact occurred 
before the patients were admitted to the hospital. 
When the patient is in the hospital for a longer 
period of time the contact may be made by 
visitors. 

It is difficult to find the records as it would 
necessitate perusal of thousands of histories. I 
was able to find the following. One case devel- 
oped the day after tonsil and adenoid operation, 
and I am quite certain there were more; one case 
developed after fracture of the femur; one case 
after knee injury; and one 11 days after an acute 
upper respiratory infection. Two other cases, 
sisters, who were admitted to be treated for an 
upper respiratory infection with swollen cervical 
glands, developed typical signs of mumps on the 
day after admission. 

A complicating orchitis is fairly frequent. Some- 
times the lacrimal glands are involved. Rarely 
symptoms referable to the pancreas appear. Dur- 
ing the convalescence of one of my deep neck 
infection cases, a young man at home after healing 
was complete, swelling of the region of the parotid 
gland on the same side occurred with elevation of 
temperature. At first it was thought that a recur- 
rence of the deep neck infection was in progress, 
but in 48 hours an orchitis appeared, followed in a 
day or two by epigastric pain and tenderness, 
nausea and vomiting which were ascribed to 
pancreatitis. The proved contact was by a sick 
room visitor while in the hospital. This and the 
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jollowing case history are recited to demonstrate 
that the complications of mumps may be formid- 
able and may bring about severe life-long handi- 
caps. Every otologist recognizes the importance 
of mumps as a cause of deafness, usually bilateral. 


From involvement of the testicles there may 


come sterility; from involvement of the ear laby- 
rinths there may come deafness; from involve- 
ment of the nervous system—brain, or meninges— 
there may come death. If death occurs it is most 
frequently from cerebral complications. 

Nervous system involvements should be ac- 
corded all the care and respect that are due any 
involvement of the central nervous system. The 
following is an example. During the past year one 
patient with a cerebral complication caused by 
mumps was treated at the New Rochelle Hospital. 
An adult male about 45 years of age was admitted 
to the hospital 1o days after the onset of an attack 
of mumps and 1 day after he had been allowed out 
of bed. On the day of admission he was suddenly 
taken with severe headache and vomiting which 
continued during the day with increasing severity. 
The morning temperature was normal, climbing 
rapidly during the day to 103 degrees F. when 
admitted to the hospital. At this time there was 
also rigidity of the neck and inflammatory areola 
at Stenson’s duct orifices. The spinal fluid showed 
721 cells: 94 per cent lymphocytes, 6 per cent 
polynuclears; no organisms on smear or culture. 
By the third day the temperature had gradually 
come down to normal with subsidence of symp- 
toms, and the patient was discharged at the end of 
2 weeks. This patient was much depressed men- 
tally and was considerably more ill than his chart 
indicated. The diagnosis was mumps virus menin- 
gitis. A prolonged rest of 3 months was prescribed. 


UVEOPAROTID FEVER 


Textbooks describe a condition called uveo- 
parotid fever in which, as its name implies, there 
is a painless enlargement of both parotid glands 
with inflammation of the uveal tract of each eye. 
The etiology is unknown. The mortality is about 
5 percent. The swelling is firm and nodular, and 
usually subsides after some weeks or months. 
Also there is a low grade fever. Sometimes there 
is present one or more of the following: polydipsia, 
polyuria, polyneuritis, facial paralysis, burning 
sensation in the tongue, swelling of the lacrimal 
glands, and general adenopathy with splenomeg- 
aly. Visual defects are apt to be prominent and 
permanent. It occurs in the second and third 
decades of life. Tuberculosis has been accused of 
being the cause but this has not been proved. 
(reatment is purely symptomatic. The sulfo- 


namide drugs might be tried. I have never seen 
a case of uveoparotid fever, and have based my 
description on what I have read in the books. 
My conclusion is that it is not common. ~ 


MIKULICZ’S DISEASE OR SYNDROME 


Any reference to Mikulicz’s disease without an 
expression of admiration for the masterly scien- 
tific description by Mikulicz in his original paper 
would be a regrettable omission. A delightful 
experience is in store for the physician who will 
take the trouble to read that paper in the original 
as translated in Medical Classics, vol. 2, October, 
1937. To add to the wonder of the description, 
microscopic characteristics and blood count ex- 
aminations were included when it was written, 
about 53 years ago, between 1888 and 1892. 

The syndrome consists of symmetrical enlarge- 
ment of the lacrimal and salivary glands and 
sometimes also of the accessory glands in the hard 
palate and tongue. Enlargement of the lacrimal 
glands is usually the first to appear but occa- 
sionally the enlargement of the salivary glands 
appears first, and sometimes only the lacrimal 
glands are involved. The swelling is firm, smooth, 
painless, not tender, and not adherent to the sur- 
rounding structures. Cecil states that sometimes 
there is splenomegaly and local or general lymph- 
adenosis. Microscopic characteristics resemble 
lymphoma. The same source also states that in 
one of two cases observed there was general 
lymphadenosis with biopsy showing lymphosar- 
coma, the other patient recovering after antiluetic 
medication. It has occurred in diabetes. Hypo- 
thyroidism has also been observed with recovery 
after thyroid medication. The facial appearance 
is rather characteristic, almost grotesque, what 
with the swollen eyelids, the prominent jowls and 
the head thrown backward for vision. Naturally 
the patient is not pleased with his appearance, 
but he complains mostly of the interference with 
vision caused by the ptosed and puffed out eye- 
lids. In no instance has a definite cause been 
ascertained. Surgical removal in selected cases 
has been successful, and so also has roentgen-ray 
therapy. 

The following is a much abbreviated summary 
of Mikulicz’s original paper. (1) The lacrimal 
glands are usually involved first, followed later 
by involvement of the submaxillaries and paro- 
tids; (2) the patient runs an afebrile course; (3) 
the lymphatics are not involved; (4) the spleen is 
not enlarged; (5) there is no leucocytosis nor other 
change in the blood count; (6) the disease is not 
a new-growth; (7) the parenchymal cells (secre- 
tory) are not involved; (8) the disease is charac- 
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Fig. 1. A, Manner of introducing the traction sutures. B, Traction sutures in posi- 
tion. Note slit shape of orifice. C, Canaliculus knife in position for slitting of duct. D, 
Appearance after duct has been slit open, exposing calculus. E, Instrument. 


terized by a round cell (lymphocytic) infiltration 
in the interstitial connective tissue structure, with 
increase in the amount of connective tissue; (g) it 
is essentially a chronic low grade, and not an 
acute, process; (10) it is not systemic— Mikulicz 
did not consider it hematogenous in origin; (11) 
he believed the causative factor to be “an in- 
fectious or parasitic process in the broadest sense 
of the word.” 

The editors of Medical Classics wrote the fol- 
lowing summary: 

“We know only that the disease seems to be a 
low grade infection of the lacrimal and salivary 
glands, extending over a long period with possible 
spontaneous termination and never causing death.” 

Little has been added to the subject since 
Mikulicz’s contribution, and ‘the problem admits 
of further enlightenment. Apparently all the 
cases which Mikulicz observed were chronic or at 


least nonacute, and the patients were otherwise 
apparently healthy. 

Several years ago I observed a patient, a married 
woman, aged 58 years, with a low grade nonsup- 
purative involvement of the lacrimal and salivary 
glands, but with rather acute abnormalities of 
other systems. I regarded the lacrimal and saliv- 
ary manifestations as Mikulicz’s syndrome occur- 
ring in the course of an acute illness ushered in by 
a severe acute suppurative and ulcerative tonsil- 
litis. 

The illness extended over a period of 4 weeks during 
which time there were periods of sweat drenching, inter- 
mittent epigastric pain attributed to the biliary mechan- 
ism, and pain in the lower right chest region. There was 
throughout an extreme dryness of the mouth, or xerostomia, 
which symptom was not mentioned by Mikulicz as having 
been present in any of his cases. There was oral sepsis and 
caries of the teeth. Even during the early acute stage oi 
the tonsillitis the temperature did not go over 101.4 de- 
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grees, the pulse running between go and 110. Both tonsils 
were riddled with multiple crypt abscesses, all probably 
connecting with each other and containing purulent exu- 
date. There was also a vesicular rash, later becoming 
pustular, on the hands, chest, neck, scalp, and feet caused 
by Monilia albicans infection which yielded readily to 
treatment consisting of local application of gentian violet, 
by the dermatologist. No fungus forms were observed in 
the smear or the culture taken from the tonsils. Tonsil 
culture showed Staphylococcus aurevs and Micrococcus 
catarrhalis. On admission to the hospital the blood indi- 
cated sepsis, with count as follows: leucocytes, 21,650; 
polymorphonuclears, 81 per cent of which young forms 
numbered 28 per cent; lymphocytes, 16.5 per cent; eosino- 
philes, 1.5 per cent; large mononuclears, 1.0 per cent; 
1 metamyelocyte; toxic granules in an occasional poly- 
nuclear cell; no anemia. The sepsis was attributed to the 
severe throat infection. It gradually subsided. Roentgeno- 
graphic examination of the biliary tract after intravenous 
injection of dye showed failure to outline or visualize a 
gall-bladder shadow and seemed to indicate a ae Oe ae 
process the identity of which was never determined. 
suspect it might have been pancreatic. 

On several occasions patient complained of pain in one 
knee joint. Blood sugar was 138 milligrams. Wassermann 
reaction was negative; blood culture, negative; urine sugar- 
free. The patient received a variety of therapy including 
potassium iodide, small stimulating doses of insulin, salicyl- 
ates, bismuth, mixed vitamins, caroid and bile, no part of 
which can be said to be wholly responsible for her recovery. 
At first the tonsils were so swollen that they touched each 
other in the midline, giving rise to a type of noisy breathing 
with some dyspnea and at times some cyanosis. This was 
completely relieved by insertion of a pharyngeal airway. 
When the tonsillar inflammation and swelling had subsided 
the swelling of the lacrimal and salivary glands began to 
subside. She was discharged from the hospital at the end of 
about 4 weeks with some lacrimal and salivary swelling still 
present. The xerostomia was still present, but had dimin- 
ished considerably. This was the driest mouth I have ever 
seen. It distressed the patient very much. 

One month after discharge from the hospital the tonsils 
were removed, and since then there has been no return of 
the syndrome. The family doctor states that the tonsil- 
lectomy cured her. The laboratory was not requested to 
section and examine these tonsils, an oversight which I 
regret very keenly. At the time of the tonsil operation 
there was still present a mild xerostomia. 


In the literature the ophthalmologist is the 
most frequently found author on the subject of 
Mikulicz’s syndrome. This will probably continue 
to be the case, as the swelling of the lacrimal 
glands constitutes the most annoying manifesta- 
tion, and ophthalmological examination is sought 
early. Occasionally the lacrimal glands are in- 
volved in mumps, but a diagnosis of Mikulicz’s 
syndrome is usually justified when the lacrimal 
and salivary glands are simultaneously involved 
with nonpainful and nontender swelling. If occur- 
ring during an epidemic of mumps it should be 
treated as mumps. Until further enlightenment 
on the cause of the disease is forthcoming one 
cannot be more definite. Because of its micro- 
scopic resemblance to lymphoma and lymphosar- 
coma it has been characterized as a new-growth. 
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Roentgenogram of typical small calculus in 
Wharton’s duct on intraoral film. 


Fig. 2. 


The evidence is otherwise against it. A point of 
differentiation from mumps is that with mumps 
there is leucocytosis with lymphocytosis. Another 
point is that in the absence of other conditions 
Mikulicz’s syndrome is afebrile. Simultaneous 
acute inflammatory involvements elsewhere, as 
for example tonsillitis, would be expected to alter 
the blood count. For the present it may be stated 
that simultaneous swelling of the lacrimal and 
salivary glands without acuté inflammation, fever, 
or pain, and with no related general pathology 
may be regarded as Mikulicz’s syndrome. 


INFLAMMATION OF THE SALIVARY GLANDS 
CAUSED BY DRUGS 


Inflammation of the salivary glands caused by 
drugs may be acute or chronic. The parotid is 
most frequently involved. Involvement of the 
salivary glands is manifested by swelling, discom- 
fort, and alteration of function. References to this 
condition in the books are found under the cap- 
tions, ptyalism, salivation, sialosis, sialorrhea— 
synonyms for increased quantity of secretion; and 
xerostomia, aptyalism, oligosialia—synonyms for 
decreased quantity of secretion. In these cases 
the intensity of symptoms in the mouth from the 
stomatitisovershadows the symptomsin theglands. 
Mercurialism is the best example. As an entity it 
rarely needs consideration. The treatment is 
symptomatic and abstinence from the drug. 
Among the drugs that cause an increased output 
of saliva are mercury, gold, copper, iodine, jabo- 
randi, muscarine, tobacco, bromides, arsenic, po- 
tassium chlorate, pilocarpine, bismuth, and lead. 
Among those that decrease the secretion are 
opiates and belladonna. Personally I have had 
no experience with drug poisoning. Years ago I 
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Fig. 3. Roentgenogram showing two small calculi in the 
parotid gland. Cyst shown in Figure 4 was not visible in 
this exposure. 


frequently saw cases of accidental and intentional 
mercurial salivation, the one from continuing the 
use of calomel for too long periods and the other 
in attaining the full effect of mercury in the treat- 
ment of syphilis. Calomel was then a household 
remedy and many cases of salivation and stoma- 
titis resulted from its indiscriminate use by the 
layman. 

ACUTE INFECTION OF THE SALIVARY GLANDS 

The specific types of infection, notably mumps, 
are not here alluded to. There are three important 
types of acute infection of the salivary glands: 
(1) acute inflammation in deep neck infections; 
(2) acute exacerbation of the chronic inflamma- 
tion wherein calculus formation occurs; (3) acute 
infection occurring during the course of a systemic 
disease or after injury to or surgical operation on 
abdominal or pelvic viscera. This includes severe 
acute pathology in the abdomen or pelvis. 

There is a rare type of acute primary sup- 
purative inflammation, usually involving the pa- 
rotid gland. It occurs in infants and young chil- 
dren and even in the newborn. I have never 
observed a case. Bock and Pacella and others 
have reported it in the newborn. 


ACUTE INFECTION ACCOMPANYING NECK AND 
DENTAL INFECTIONS 


In my experience, acute infection in the pres- 
ence of neck and dental infections is the most 


Fig. 4. Roentgenogram showing large cyst in right pa- 
rotid gland. About 2 cubic centimeters of radiopaque solu- 
tion was injected into Stenson’s duct. Later, 5 cubic 
centimeters of cystic fluid was aspirated, from the buccal 
side. Photograph slightly retouched. The cyst was excised 
from the mouth side. 


common type of acute infection of the salivary 
glands. Its place in the picture is decidedly sub- 
ordinate to the deeper cervical infection. The 
parotid and the submaxillary glands lie in their 
own compartments of the cervical fascia and are 
separated from each other by a union of the 
enveloping fascia between the glands. The ex- 
ternal layer of the parotid fascia is very tightly 
fastened to the overlying superficial fascia, and it 
is difficult to dissect the two apart. It is attached 
above to the zygoma for which reason swelling 
which involves only the parotid gland or its fascia 
is limited above to the zygoma. The internal sur- 
face is in relation with the sheath of the vessels. 
particularly the external carotid and some of its 
branches. The parotid gland also is in relation 
with small veins which enter into the formation of 
the common facial and external jugular veins, and 
less intimately with the internal jugular vein. 
There are a number of lymph nodes both on its 
capsule and enmeshed in its structure. Because of 
this contiguous vascularity and the rich distribu- 
tion of lymphatics early sepsis is to be expected 
when it is severely involved. When infection of 
the parotid and submaxillary glands accompanies 
deep cervical fascia infection this may not |e 
appreciated because of the already existing severe 
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sepsis. The retromandibular process or extension 
of the gland forms part of the external wall of the 
pharyngomaxillary fossa and at its end is devoid 
of fascia. The pharyngomaxillary fossa is divided 
into two unequal parts or compartments by the 
structures attached to the styloid process. That 
part situated in front of these is the anterior com- 
partment, and that behind is the posterior com- 
partment. The great vessels and their sheath are 
situated in the posterior compartment. Infection 
in the pharyngomaxillary fossa quickly involves 
the parotid gland and when this occurs the infec- 
tion is both within and without the capsule. 
Infection in the anterior compartment of the 
pharyngomaxillary fossa gives an unmistakable 
triad of signs, viz., swelling of that lateral pharyn- 
geal wall with protrusion inward of the tonsil 
fossa and tonsil, trismus, and swelling of the 
parotid gland. If, during the course of a deep 
parapharyngeal infection, swelling of the parotid 
gland region occurs with these other signs one 
may be sure of infection in the pharyngomaxillary 
space. The inflammatory swelling of the parotid 
gland increases the trismus and intensifies the pain 
on chewing because of its relationship with the 
neck and ramus of the jaw. Otalgia is not an 
uncommon symptom, and for the same reason. In 
primary inflammation, like mumps, limited strict- 
ly to the parotid gland I have never observed 
swelling of the lateral pharyngeal wall. Swelling 
of contacting or neighboring lymph nodes is pres- 
ent and if those in the upper adjacent cervical 
regions are involved the parotid swelling is con- 
tinuous with the cervical swelling lower down. 
Tenderness is present over the whole area of 
swelling. It frequently happens that abscess in 
and about the parotid gland ruptures into the 
external auditory canal. I have seen this twice in 
deep neck infections and once when the parotid 
gland abscess occurred during severe inflamma- 
tory disease of the colon. Simpson has reported 
the occurrence in pharyngomaxillary infection. 
Sometimes a suppurative otitis media is the cause 
of suppurative parotitis. 

The treatment consists of drainage of the pharyn- 
gomaxillary abscess. This is followed by subsid- 
ence of the parotid and cervical swelling, though 
occasionally a cervical gland abscess will form and 
require drainage. I have not observed a facial 
nerve paralysis in these acute infections, though 
it is appreciated that such an event is possible. I 
have seen and drained primary abscess of the 
parotid gland which I strongly suspected to have 
been entirely lymph node in origin. Such infec- 
tions are strictly localized. The submaxillary 
salivary glands are more commonly involved with 


lymph node abscesses than are the parotid glands. 
In relation with the capsule of the submaxillary 
gland there are several lymph nodes which receive 
drainage from the tongue, floor of the mouth, 
teeth, and alveolar process of the mandible. When 
these nodes are inflamed and swollen the appear- 
ance is the same as when the salivary gland is 
inflamed and swollen, in fact some inflammation 
of the salivary gland itself is unavoidable. In 
practically all cases of the Ludwig’s angina type 
the submaxillary salivary glands are involved, and 
sometimes during the convalescence after incision 
and drainage the glands are literally lying in a pool 
of pus. Infection in the submaxillary region from 
whatever cause practically always involves the 
submaxillary salivary glands, one or both. This 
gland is much more loosely held in its recess than 
the parotid gland, and as its posterior end is bent 
around the posterior border of the mylohyoid 
muscle, part of the gland is located in the mouth 
floor above the muscle. It is to be seen that the 
gland may thus be a direct avenue of infection 
from mouth to neck. From this it is also seen that 
it is a direct avenue of approach in the search for 
pus. Excision of the gland is practiced as a drain- 
age measure especially, as will be mentioned later, 
when there are calculi in the gland. Occasionally 
one sees an acute infection of the sublingual 
salivary gland, but it isnot socommon. It occurs 
with or without calculus formation. The cause is 
not always ascertainable. It may be secondary to 
dental infection. I recently treated a patient with 
abscess of the sublingual gland, and no calculus 
nor dental pathology could be demonstrated by 
roentgenograms or otherwise. Cyst formation, or 
ranula, occurs in the sublingual glands or ducts, 
and is probably caused by low grade chronic 
inflammation. In Ludwig’s angina with the pro- 
nounced inflammation in the floor of the mouth 
these glands are always involved, but this involve- 
ment is completely overshadowed. Acute and 
chronic inflammation of the salivary glands may 
be caused by disease of the dental region. I have 
seen chronic inflammation of the parotid gland, 
with swelling persisting for several years, accom- 
panying dental disease for which a third man- 
dibular molar had been extracted. There occurred 
osteomyelitis of the alveolar process and on sev- 
eral occasions acute exacerbation of the chronic 
inflammation in the gland. Figures 3 and 4 show 
a small calculus in the posterior part of the gland 
and a large cyst in the anterior part on the buccal 
aspect. The latter shows the large cyst and the 
duct outlined by injected radiopaque material. 

I have been somewhat impressed by observance 
of the frequency with which dental extraction has 
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been the forerunner or instigator of infection in 
the salivary apparatus. Two cases, one in the 
parotid and one in the submaxillary gland, come 
to mind. They differ in no essential way from 
those not so provoked and are subject to the same 
indications so far as treatment is concerned. It is 
also possible that a latent dental infection, when 
interfered with or lighted up by dental extrac- 
tion, may be the cause of the acute exacerbation. 
The relationship should be borne in mind. In the 
differential diagnostic relationship, diagnostic 
roentgenograms of both the ducts and glands and 
films of the jaw to exclude beginning osteomyelitis 
should be made. 


ACUTE SECONDARY PAROTITIS 


Osler called acute secondary parotitis sympto- 
matic parotitis or parotid bubo. It is never 
primary and is always a complicating parotitis. 
It occurs during the severe febrile diseases such as 
typhoid, typhus, pneumonia, and septicemia. 
Now that typhoid fever is a comparatively rare 
disease in this part of the world, it occurs most 
frequently after severe debilitating abdominal or 
pelvic disease or injury. Osler stated that it some- 
times occurs after injury, disease, or temporary 
derangement of the genital organs, and that by 
temporary derangement is meant slight injuries or 
natural processes—a slight blow on the testis, 
introduction of a pessary, menstruation, or preg- 
nancy. In such cases the exact mode of involve- 
ment is obscure. In fact, knowledge of the exact 
pathway of involvement from the primary pelvic 
or abdominal disease to the gland is not yet estab- 
lished. Two pathways come under consideration 
—the blood stream and the duct system of the 
gland. That the blood stream is not always the 
pathway is indicated by the fact that the kind of 
infecting organisms recovered from the abscess 
in the gland is not always the same as the kind of 
organisms found in the provocative source, as for 
example, pneumonia. Payne has made the fol- 
lowing observation: “There is nothing in the 
available evidence to suggest that pneumococcal 
parotitis is specially prone to arise in patients 
with proved pneumococcal infections. When acute 
parotitis develops during the course of pneumo- 
coccal infection of the lung, it is almost invariably 
caused by the Staphylococcus aureus and not by 
the pneumococcus.” If the infection originates in 
the mouth, and it is quite likely that it does in 
most cases, the explanation becomes simple, but 
even in that event something must happen to the 
gland which greatly lowers its resistance and rend- 
ers it more susceptible to any infection which may 
be present in the mouth. It is well known that in 


severe debilitating illness of any kind the mouth 
becomes septic even when it was not septic before 
the illness. 


BACTERIOLOGY 


Members of the pyogenic group of organisms 
are the most frequent invaders. The staphylococ- 
cus group is found most commonly, especially the 
Staphylococcus aureus. The streptococcus group 
is the next in order of frequency; also the pneumo- 
coccus. This is to be expected as this pyogenic 
group is most commonly present in the mouth. 
The typhoid bacillus would be more commonly 
found if typhoid fever were now more prevalent. 
By way of digression I should like, while on the 
subject of bacteriology, to refer to the types of 
organisms which are found in primary infections. 
In addition to the pyogenic group there are some- 
times found fungi of which the ray fungus of 
actinomycosis is of particular importance in agri- 
cultural districts. In my experience here in the 
East actinomycosis in the mouth is very rare, but 
it is possible that I have overlooked some cases. 
The tubercle bacillus and the spirillum of syphilis 
are occasional invaders. Because of their frequent 
presence in the mouth the fusi-spirochete organ- 
isms of Vincent’s angina are possible invaders, 
though’I have never actually demonstrated them 
in salivary infection. 

That there is an element of selectivity in the 
occurrence of parotitis from the numerous types of 
abdominal and pelvic disease is suggested by the 
fact that it seems to be more common after sur- 
gery of the colon. Crile and Manning, in one of 
the best papers on this subject, reported that over 
half of the cases of complicating parotitis occurred 
after colon surgery. The incidence of parotitis in 
general surgery at the Cleveland Clinic was 1 in 
1,500 cases. In colon surgery the incidence was 1 
in 125 cases. After abdominoperineal resections 
of the rectum the incidence was 1 in 20 cases. 
They also make the statement with regard to 
etiology that “modern opinion favors the ducto- 
genous theory.” 

Vitamin A deficiency has been shown to cause 
atrophy of the epithelial lining cells of many of 
the epithelial structures, including the salivary 
glands, genitourinary tract, respiratory tract, and 
cornea of the eye. Following the atrophy there is 
metaplasia from the normal stratified columnar 
cells into keratinized cells which desquamate and 
accumulate in the ducts and acini forming masses 
which cause obstruction. A diminished secretion 
and excretion of saliva results and there is dryness 
of the mouth. In the presence of bacteria which 
are present in the duct this is the start of infec- 
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tion. Crile and Manning suggest that these 
changes, described by Bessey and Wolbach, may 
account to some extent for the infection in the 
gland. 

A single parotid gland is usually involved. The 
reasons given for the fact that the submaxillary 
glands are not involved are that the normal and 
constant motility of the tongue and floor of the 
mouth tends to keep the duct clear of accumula- 
tions, and also because the secretion from the 
submaxillaries contains mucin, a substance which 
has bactericidal action. The occurrence of a com- 
plicating symptomatic parotitis is always of seri- 
ous significance and immediately calls for a guard- 
ed prognosis. It occurs not infrequently in the 
wards of a general hospital. Cecil states that the 
mortality is from 30 to 50 per cent. Crile and 
Manning had a mortality of 43 per cent in 23 
cases requiring surgical drainage. In 37 patients 
not operated upon the mortality was 11 per cent. 
In 3 cases death was attributed directly to the 
parotitis; in 2 cases the parotitis was contributory; 
in the 10 remaining cases it had very little to do 
with the death. 

The onset is sudden with increased elevation of 
temperature and toxemia. There is local swelling, 
tenderness, and pain; sometimes painful swallow- 
ing and otalgia. Crile and Manning state that 
“pain in the temperomandibular joint on opening 
the mouth is commonly the initial symptom, 
occurring as early as 6 or 8 hours before swelling 
of the gland.” If not aborted at this stage there 
occurs redness of the skin and fluctuation from 
abscess formation. In 1 of my cases this redness 
took on a rustiness of color almost like iron rust. 
I have wondered whether this is to be explained 
on the basis of its closeness to the overlying skin 
just below and in front of the lobe of the ear. In 
another place I have referred to the difficulty of 
dissecting the fascia of the gland away from the 
overlying superficial fascia, the 2 being quite 
adherent. In some cases suppurative localization 
takes place very slowly. In others abscess forma- 
tion is rapid. When abscess has formed, large 
incisions are not necessary provided they go 
through the capsule. Incision should be withheld 
until one is certain that there is suppuration. 
Spontaneous rupture through the overlying skin 
and occasionally into the canal of the ear occurs if 
incision is delayed too long. Crile and Manning 
state that if roentgen therapy is applied as soon as 
any symptoms are recognizable the prognosis is 
much better in that many will not go on to sup- 
puration. They consider the x-ray treatment very 
important in the earliest stage, day or night. 
Later its efficacy is much diminished or nullified. 
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Fig. 5. Chart showing sulfathiazol concentration in the 
saliva with a blood concentration of 5 to 8 milligrams per 
cent. Note that the greatest amount appears 15 minutes 
after the dose was given. 


Radium has also. been advocated. Preoperative 
and postoperative oral hygiene is of the greatest 
importance. Cleansing of the mouth and teeth by 
muscular action and stimulation of the free flow of 
saliva, by the use of chewing gum is also of con- 
siderable value. Administration of vitamins, espe- 
cially vitamin A, is also recommended because of 
its influence on the metabolism of epithelium. 
Otherwise the treatment of the parotid gland con- 
dition consists of the same measures, surgical or 
nonsurgical, used for any localized suppuration, 
but tremendously influenced by factors imposed 
by the primary condition. It is very advisable 
to begin the administration of a sulfomamide 
preparation 48 hours before the performance of 
the abdominal or pelvic operation, especially one 
on the colon, and to continue the administration 
at least that long after the operation. Since the 
advent of the sulfonamide derivatives, many of 
these dire clinical conditions should be much amel- 
iorated, if not actually controlled, by chemo- 
therapy. 

I was able to find records of 5 cases of sympto- 
matic parotitis in our hospital files. Our filing 
records do not include complications, which makes 
it necessary to rely somewhat upon recollection. 
The antecedent conditions were as follows: (1) 
gastric ulcer, died; (2) cesarean section with sub- 
sequent infection, died; (3) acute hemorrhagic 
nephritis, recovered; (4) colitis with ileostomy— 
parotid abscess ruptured spontaneously and 
healed, patient still living but very ill; (5) salpingo- 
oophorectomy, bilateral, also subtotal hysterec- 
tomy and appendectomy, recovered. Two of the 
five died. 

In summing up one may reasonably state that 
the development of symptomatic parotitis is often 
contributory to the death of the patient, and al- 
ways renders the prognosis of the source disease 
graver. 
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CHRONIC INFLAMMATION OF THE SALIVARY GLANDS 


In the majority of instances nonspecific chronic 
inflammation occurs with calculus formation, and 
acute exacerbations take place frequently. Ex- 
cept during such exacerbations it causes no trou- 
ble except swelling and slight discomfort. Specific 
types of chronic inflammation may be caused by 
mumps, tuberculosis, syphilis, actinomycosis and 
chemicals. These also cause acute inflammations. 
One or more of the glands may be involved. A 
type of gaseous tumor formation sometimes 
occurs in glass blowers and wind instrument musi- 
cians. These gaseous tumors may contain puru- 
lent material. 

That type of chronic inflammation occurring 
with calculi, either in the glands or in the ducts, is 
the most common. It is possible that calculus 
formation may be the primary condition as, for 
example, the formation of a solid concretion 
around a foreign body such as a seed, piece of 
tooth-pick, piece of fish bone, etc. In such cases 
chronic inflammation of the duct and gland is 
inevitable and sooner or later, as the concretion 
increases in size, more or less constant or inter- 
mittent obstruction to the outflow of secretion 
results. The signs of obstruction are intensified 
during meal time when an increased amount of 
secretion is called forth. The signs are increased 
swelling of, and discomfort in, the gland. Some- 
times there also occurs sudden filling of the mouth 
with a gush of released secretion. There is also 
swelling and discomfort in the floor of the mouth. 
Acute inflammation may occur suddenly with 
marked increase in the severity of the symptoms. 
Sudden obstruction in the presence of duct stone 
does the same. 

Calculi may form during the course of a chronic 
inflammation and as an incident in the process. 
In other words it may be secondary. The same 
type of inflammation may not be accompanied by 
the formation of any calculi. It may in some 
instances be likened to the age-old problem of the 
priority of the hen or the egg. Clinically it may be 
regarded as the same condition whether or not 
calculi are present. It is probable that sometimes 
there is actually calculus formation present when 
it has not been demonstrated by diagnostic roent- 
genogram prior to surgery. 


New and Harper have published valuable sta- 


tistics on this subject. They found that in only 
63 per cent of 110 cases of nonspecific chronic 
inflammation could they demonstrate the pres- 
ence of calculi. Forty-two per cent of these were 
removed from the duct, 18 per cent from the 
gland through the floor of the mouth, and in 4 per 
cent the gland was excised with its calculus con- 


tent. They state that clinically the condition is 
the same whether or not a stone is present. 
Statistics vary somewhat as to the relative fre- 
quency of involvement of the several glands and 
ducts with and without calculi. New and Harper 
report the following percentage of incidence of 
salivary calculi according to the gland or duct 
involved. Submaxillary gland or duct, 92.9 per 
cent; the parotid gland or duct, 4.3 per cent; the 
sublingual gland or duct, 2.8 per cent. Wakeley 
reported as follows: submaxillary, 63.2 per cent; 
parotid, 20.6 per cent; sublingual, 16.2 per cent. 
Czygan reported 37 cases as follows: Wharton’s 
duct, 59.4 per cent; submaxillary gland tissue, 
10.8 per cent; Stenson’s duct, 13.5 per cent; pa- 
rotid gland tissue, 2.7 per cent; sublingual duct, 
10.8 per cent; Bartholin’s duct, 2.7 per cent. 
Blair stated that the most common location of 
salivary calculi is in the submaxillary (Wharton’s) 
duct, being more frequent there than in all other 
locations combined. That about sums it up. It 
occurs in middle aged people, and according to 
various writers, from two to five times as fre- 
quently in men as in women. Curiously the right 
submaxillary gland and duct are more frequently 
involved than the left. 

In those cases of chronic inflammation without 
stone, New and Harper report that the submaxil- 
lary gland was the most commonly affected. The 
incidence was as follows: submaxillary gland, 80 
per cent; parotid gland, 12.5 per cent; sublingual 
gland, 7.5 percent. Of the 40 there were 27 males 
and 13 females. In all of them tuberculosis, 
syphilis, and actinomycosis had been excluded as 
etiological factors. It should be possible to dem- 
onstrate nearly all salivary calculi by roentgeno- 
gram because they are composed mostly of calci- 
um carbonate and calcium phosphate. It has 
been stated that the saliva of the submaxillary 
salivary glands has a higher percentage of solids 
and organic matter which should permit the cal- 
cium salts in these glands to be seen more dis- 
tinctly than those in the calculi of the other 
glands. The factors which make tartar prone to 
form on the lingual surface of the lower incisors 
may also favor the formation of calculi in the 
submaxillary ducts and glands. A history of 
previous attacks, sometimes dating back years, is 
commonly elicited. The most prominent symp- 
tom or complaint is intermittent pain and swelling 
of the gland caused by acute exacerbations. Pus 
can be expressed from the duct by making pres- 
sure on the gland during acute exacerbations and 
nearly always when no acute inflammation is 
present if there are calculi in Wharton’s duct. 
The same with regard to the parotid and its duct. 
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The orifice of the duct is inflamed and prominent, 
and in most cases a stone in Wharton’s duct can 
be palpated with the finger. In the case of Sten- 
son’s duct this will depend on its proximity to the 
duct orifice. Farther back than where the duct 
goes through the buccinator muscle it would prob- 
ably not be palpable unless very large. Roent- 
genography, including exposure on an intraoral 
film, in my opinion is very valuable. In former 
years before the development of the precise roent- 
gen technique of today it was often disappointing. 
Sialograph after injection of radiopaque solution, 
1 to 3 cubic centimeters, has in my experience 
helped to differentiate between a duct and a gland 
calculus. It should not be done during an acute 
exacerbation. It is particularly helpful in the 
parotid duct and gland cases. I see no objection 
to careful probing except during acute exacerba- 
tions. It may be done in both Stenson’s and 
Wharton’s ducts, and is sometimes very helpful. 
If the duct is traumatized by rough manipulations 
an acute inflammation may be precipitated. I 
have recently considered the feasibility of inject- 
ing 1 to 3 cubic centimeters of a sulfonamide solu- 
tion into Stenson’s or Wharton’s duct for these 
inflammatory conditions in which the calculus is 
in the gland or in which there is no calculus in the 
duct. To date I have not done so. 


PATHOLOGY 


Sometimes a calculus is extruded by erosion and 
formation of fistula, usually into the mouth but 
occasionally through the skin. It was submax- 
illary in all reported cases. If it occurs exter- 
nally branchial and thyroglossal fistulas must be 
excluded. Calculi usually occur singly but may 
occur in numbers. Most of them are smooth but 
in one of my cases it was so rough and so firmly 
attached to the walls of the duct that it was 
necessary to detach it by sharp dissection. It 
had a surface similar to the rough irregular sur- 
face of an inferior turbinate bone. If the ob- 
struction is complete, cystic dilatation of the 
duct behind it occurs, and congestion followed 
by atrophy takes place in the gland structure. In 
the duct itself there occur congestion, petechial 
hemorrhages, granulations, and fibrosis. 

The following is a pathological report from one 
of my cases of chronic inflammation of the right 
submaxillary gland with calculi in the gland: I 
quote from pathologist’s report. 


“Gross examination: A submaxillary gland 6 by 4 by 2 
centimeters in size. It has been cut in the longitudinal 
plane, exposing two small calculi deep in the substance of 
the gland. The cut surface is pinkish yellow in color and 
has coarsely lobular markings. . . . 
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“Histologic examination: Sections show acute and chron- 
ic inflammatory changes in submaxillary gland with pro- 
liferation of small ducts and compression and distortion of 
the gland alveoli. Many small ducts contain purulent exu- 
date. The uniform lobulation, the marked inflammatory 
changes and the presence of calculi make it appear proper 
to classify the growth as a salivary duct adenoma. 

“Diagnosis: (1) submaxillary gland duct adenoma; (2) 
acute and chronic inflammation, submaxillary gland; (3) 
submaxillary gland calculi.” 


Another of our cases carries the following histo- 
logical report. No calculi were present in this one. 


“Sections show greatly distorted submaxillary gland, 
with obliteration of gland units and productive inflam- 
matory products between atrophic gland units. There is no 
evidence of tumor. Diagnosis: Chronic inflammation, 
submaxillary gland.” 


Citation of more examples would be needless 
repetition, as these serve to show the typical 
pathology. Henke and Lubarsch, quoted by New 
and Harper described these two types of chronic 
inflammation of the salivary glands, designating 
them chronic exudative and chronic productive, 
respectively. Fibrosis is as good a name for the 
latter variety and is more descriptive. Cysts, 
quite large, also form occasionally. I now have 
under observation one such case in which the 
cyst was excised from the inside of the mouth. It 
was situated in the anterior part of the parotid 
gland. 


TREATMENT 


Treatment is in most instances surgical but 
should not be done during acute exacerbations. If 
there is acute inflammation hot fomentations 
externally with hot saline mouth wash are valu- 
able. Administration of the sulfonamide deriva- 
tives, preferably sulfathiazol or sulfadiazine, is 
advisable, and otherwise any symptomatic treat- 
ment that may be indicated. Probing should not 
be done during acute exacerbations. When the 
acute attack has completely subsided, usually 
after several weeks, the calculus may be removed 
or the gland excised as indicated. For probing 
the duct (Wharton’s) or removing a calculus I 
prefer to immobilize the duct at its orifice in the 
papilla with two silk retraction sutures as sug- 
gested by me in 1934 and here illustrated in 
Figure 1. Immobilizing the calculus against the 
inner side of the jaw with the finger, and cut- 
ting down upon it directly is the most com- 
monly employed method of removal. When the 
calculus is small it is not always easily palpated, 
in which case cutting directly down upon it is 
sometimes difficult. When traction is made with 
properly placed silk sutures the orifice is con- 
verted into a long slit into which it is extremely 
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easy to pass the end of almost any kind of a small 
instrument. They also give good immobilization. 

It should be remembered that the ranine artery, 
lingual vein, and lingual nerve are all on the 
tongue side of the duct, and therefore when work- 
ing in this region one should work toward the jaw 
side as much as possible to avoid these structures. 
Excision of the submaxillary gland is the indicated 
procedure when the gland is severely involved, 
with or without calculus. This is comparatively 
simple, but one must identify vessels and nerves, 
most of which are in relation with its posterior 
and internal aspect, namely, the facial vein, the 
facial artery and the hypoglossal nerve; deeply 
also, the lingual nerve. The facial nerve should 
be well out of the field. If an abscess forms it 
should be drained, but extensive dissection for the 
removal of calculi should not be done until all 
acute inflammation has subsided. 

The foregoing applies to the submaxillary gland. 
The problem is more complicated in the case of 
the parotid gland because of anatomical location 
and relationships. The drainage incision for pa- 
rotid abscess should never be made vertically 
because it will cut across the branches of the 
facial nerve. A horizontal incision parallels the 
nerve branches and avoids this. Stenson’s duct 
perforates the buccinator muscle not far from its 
orifice in the mouth, and beyond this point lies 
between the muscle and the skin of the face. Any 
incision of the duct within the mouth farther back 
than about 2 centimeters from its orifice must 
involve this muscle, and from the mouth aspect is 
deeply placed. Incision into the duct should 
never be made externally through the skin for fear 
of producing a salivary fistula, and this is to be 
avoided at all costs. Excision of the parotid gland 
is a formidable procedure and is practically never 
done except for malignant growths. Drainage of 
gland abscess should be done promptly when the 
indications arise. Usually small incisions that 
penetrate the capsule, parallel with the branches 
of the facial nerve, suffice. The skin incision may 
be a single larger one. Injury to Stenson’s duct 
must also be avoided. I have seen salivary fistula 
develop from a pocket-knife stab wound in the 
sulcus between the tip of the mastoid process and 
the angle of the jaw. It was not in the vicinity of 
Stenson’s duct nor did it involve the facial nerve. 
A wound in the gland does not always cause 
fistula. In that case it was decided to produce 
glandular atrophy by means of roentgen therapy 
but to date this has failed. At the time of the 
injury it was necessary to ligate the carotid. 

The last case of acute symptomatic parotitis in 
our wards developed on the fourth postoperative 


day. Four days later the otolaryngologist saw the 
patient in consultation and immediately pre- 
scribed sulfadiazine in full dosage, attaining a 
concentration of 8.2 milligrams per cent. The 
swelling subsided in 48 hours without recurrence, 
and the patient convalesced from the pelvic opera- 
tions uninterruptedly. This is a striking example 
of the effect of the new weapon we now possess in 
the sulfonamide derivatives. Without their help 
such a case might have gone on to a disastrous 
septic termination or at the least a stormy septic 
bout. From observations made over the years 
before these drugs were available I have been 
convinced that the patient is never again the same 
healthy individual he was previous to the infec- 
tion. It may be true that he will have acquired a 
more or less temporary strong immunity to the 
particular type of infection, but at the expense of 
irremediable damage to such vital organs as the 
heart, liver, and kidneys, which in time will make 
itself manifest. Therefore the long range effect of 
these drugs in cutting short these severe infec- 
tions is incalculable. 

After reviewing the history I had the desire to 
know whether or not any of the drug is excreted in 
the saliva, and if present the approximate quan- 
tity. With that in mind specimens of saliva were 
collected at intervals after the administration of 
the drug by mouth. The drug was given in 
capsules to minimize or avoid any retention of it 
in the mouth. We were considerably handicapped 
by the shortness of time at our disposal, and the 
following meager results are submitted in the 
hope that others, better equipped than we, will 
make more comprehensive and conclusive in- 
vestigations. 

Our resident house officer, Dr. P. E. Noonan, 
made a survey of the house, and from each of the 
patients who was receiving a sulfonamide deriva- 
tive, regardless of the kind of illness, collected 
saliva specimens of as large a quantity as the 
patient could produce, at the following intervals 
of time. The first specimen was taken 15 minutes 
after administration; the second, 30 minutes after; 
the third, 45 minutes after; and the fourth, 1 hour 
after. The doses were spaced 4 hours apart. As 
there were too few who were being started on the 
drug those who had been taking it for varying 
periods of time were included. As you know, the 
quantitative estimations are done by colorimetry, 
and in the saliva these color reactions can be seen 
but are too smail to be measured. In other words 
the concentration is far less than even a low blood 
concentration and it is not possible to designate it 
in figures. It is therefore approximate in the ex- 
treme. However, it was unmistakably seen that 
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the deepest coloration in the saliva almost invari- 
ably appeared in the first, the 15 minute specimen, 
but once in the 30 minute one, probably because of 
a slower rate of absorption of the drug in that 
patient. In those cases which had been receiving 
the drug the saliva concentration was again at the 
level existing prior to the administration of the 
dose at the end of one hour. In those receiving 
first dose it had completely disappeared in one 
hour. Nine tests were made with no variations 
in results. 

Two conclusions may be definitely arrived at: 
First, there is at no time a high concentration in 
the saliva, in fact it is very low. Second, the high- 
est concentration appears in from 15 to 30 min- 
utes after administration of the dose, and quickly 
diminishes. From all this it may therefore be con- 
cluded that any influence of the drug on infection 
in the salivary glands comes from the concentra- 
tion in its circulating blood, and that any influ- 
ence from that in the salivary secretion is prac- 
tically negligible. How much, if any, may accu- 
mulate in the gland secretion when there is 
obstruction to its outflow is not known. On the 
other hand it may be definitely stated that there 
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is a very small amount of the drug in the saliva 


while it is being taken by the patient. 


In other 


words the secretory cells of the glands do pass 
some of it through. 
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REFINEMENTS OF GENERAL SURGICAL TECHNIQUE 
AS APPLIED TO OPHTHALMIC OPERATIONS 


CONRAD BERENS, M.D., F.A.C.S., New York, New York 


N a consideration of the evolution of modern 
ophthalmic surgery in relation to general 
surgical technique, it is often merely inferen- 
tial to associate certain ocular surgical tech- 

niques with the practices of the general surgeon. 
However, most ophthalmic surgeons obtained 
their early. training in general surgery and un- 
doubtedly received their first inspiration from the 
masters of general surgical technique. 

The practice of eye surgery is based upon the 
same 3 fundamentals governing general surgery: 
(1) the control of hemorrhage, (2) the proper anes- 
thesia, and (3) the prevention of infection. Im- 
proved methods of controlling hemorrhage and 
better anesthesia have made the rapid, skillful eye 
surgeon, whose surgical judgment may not have 
been too good, less important than the thoughtful, 
careful but possibly less brilliant technician. Bet- 
ter methods of preventing infection have greatly 
lessened deformity and blindness from this source. 
That modern ophthalmic surgery owes a great 
debt to the pioneers who dared to break away 
from the routine, conservative, and often anti- 
quated practices to undertake new methods and 
new techniques in surgery is evident. We know 
that Harvey, who discovered the circulation of the 
blood, received the ridicule of his colleagues; he 
and his followers were called “circulators” which 
meant quacks and charlatans. The men associated 
with the development of ether anesthesia had 
tragic fates with the exception of Long. 

Pasteur, who destroyed the theory of sponta- 
neous generation and laid the foundation for the 
prevention of operative and postoperative infec- 
tion, worked for years without recognition. Unless 
Lister had been prepared to receive the message 
of Pasteur and carry on his work of preventing 
wound infection in spite of the active opposition 
of his colleagues, he would never have introduced 
the Listerian principle of antiseptic surgery, upon 
which modern ophthalmic surgery is founded. 

To determine exactly where credit is due for 
present day ophthalmic practice is difficult, for 
many surgical procedures are of ancient origin. 


Aided by a grant from The Ophthalmological Foundation, Inc. 

Presented in the symposium, Principles of Ophthalmic Surgery, 
before the Clinical Congress of the American College of Surgeons, 
Boston, November 3-7, 1941. 


For example, ligature for the control of bleeding 
in wounds was used by the Greek and Roman 
surgeons. Therefore, one is inclined to agree with 
Ambroise Paré, who said “you will have to render 
an account not to the ancients but to God for 
your humanity and skill.” 


ANESTHESIA 


General anesthesia has been and still is of great 
importance in the development of ophthalmic sur- 
gery but for most operations local anesthesia is 
preferred. Before a general anesthetic is adminis- 
tered it is advisable to quiet the patient by the 
use of chloral and bromide by rectum or by the 
administration of morphine and hyoscine. 

Flagg’s intratracheal inhalation anesthesia is a 
valuable improvement in administering ether. It 
has facilitated the performance of delicate eye 
operations, as recession and cataract, as it elimi- 
nates disturbing head movements and congestion 
of the eyes, and lessens the danger of lung infection. 

Rectal anesthesia with avertin (19, 77) is espe- 
cially useful in ophthalmic surgery in preventing 
fear of operation in young children. 

Intravenous anesthesia with evipal (sodium 
evipan) has been used in paracentesis, enucleation, 
evisceration, cataract, trephine, iridectomy for 
acute glaucoma, exenteration of orbital growths 
and squint (56). However, cases in which vomit- 
ing (15), sneezing, sobbing, and postoperative 
restlessness occurred have been reported. When 
intravenous injections can be made, this anesthetic 
is satisfactory for short operations (72). 

Local anesthesia with cocaine, applied to eye 
surgery through the brilliant research of Koller, 
was undoubtedly even more important for oph- 
thalmology than general anesthesia. Cocaine is 
still used in ophthalmic operations when vasocon- 
striction and dilatation of the pupil are desired. 
Because pantocain is less irritating than cocaine 
and produces less drying of the epithelium, a one 
per cent solution of this drug (78) is gaining popu- 
larity as a local anesthetic for eye surgery. 

The development of procaine (novocain), which 
is much less toxic than cocaine (16), led to the 
more constant use of deep injections about the eye 
for anesthesia and akinesia. A solution of procaine 
and adrenalin is employed in Gradle’s application 
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Fig. 1, left. Tarsal anesthesia (Gradle). a, The point of the needle is introduced through 
the conjunctiva at the temporal edge of the tarsus and passed parallel to the upper edge 
of the tarsus, thus ballooning out the retrotarsal fold. b, The needle is pushed slightly toward 
the skin side, thus thoroughly anesthetizing the entire eyelid including the skin and con- 


junctiva. 


Fig. 2. Modification of the Van Lint method of producing akinesia. 


of the method of nerve block anesthesia (31) to 
surgery of the eyelids (Fig. 1). In this procedure, 
the point of a 25 gauge hypodermic needle is in- 
troduced through the conjunctiva at the upper 
temporal border of the tarsus. One or 2 minims 
of a solution of procaine and adrenalin is injected 
at this site and the needle is passed forward 
parallel to the edge of the tarsus, thus ballooning 
out the retrotarsal fold. 

In spite of the numerous advances in anesthesia, 
the ophthalmic surgeon still awaits the develop- 
ment of a pill or capsule which will cause rapid, 
prolonged anesthesia without complications. 


AKINESIA 


Modification of Van Lint’s method of producing 
akinesia. Because Van Lint’s splendid method of 
akinesia sometimes produces too great and pro- 
longed relaxation of the eyelids, the following 
technique has been developed: A 26 gauge needle, 
25 millimeters in length, is inserted subcutaneously 
8 millimeters temporal to the external canthus. 
The needle is pushed forward as the plunger forces 
the procaine (2 per cent, 2 drams) and adrenalin 
(3 minims, 1:1000 solution) under the skin of the 
upper eyelid as shown in Figure 2. The needle is 
then partially withdrawn and inserted in the lower 
eyelid, ballooning the tissues over the outer third 
of the lower eyelid. A second puncture is made 
at the center of the eyelid, 3 millimeters above the 
orbital margin, and the needle directed toward the 
‘nner canthus, thus the solution balloons the skin. 

In the O’ Brien method of akinesia (49) the point 
f injection is just anterior to the tragus of the 


ear, below the posterior portion of the zygomatic 
process and directly over the condyloid process of 
the mandible. From 1 to 2 cubic centimeters of a 
2 per cent solution is injected at a point directly 
over the exit of the branch supplying the orbicu- 
laris; while the remainder is injected superficially 
under the skin and spreads fanlike, in a forward 
direction, above and below the eyeball (Fig. 3). 
When a patient has an extremely broad face, com- 
plete akinesia may not be produced by the O’Brien 
method, even with a second or third injection. In 
this event, the modification of Van Lint’s method 
of producing akinesia is indicated. However, the 
more remote the site of the injection from the field 





Fig. 3. O’Brien method of akinesia. Injection of the 
upper, 7, middle, 2, and lower, 3, branches of the seventh 


nerve. 
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Fig. 4. Methods of suturing. 1a, Wound closed by adhe- 
sive or Scotch tape; 1b, rolled gauze may be used under a 
tape to aid approximation. 2a, Running suture; 2b, sub- 
cuticular suture; 2c, surface suture. 3a, Mattress suture 
with pieces of suture to protect skin; 3b, lucite strips or 
rubber pegs used to prevent scarring where firm approxi- 
mation is needed. 4a, Halving the skin—the skin is halved 
on each side of the wound; 4b, the outer layer of skin is 


Ab sutured to one side of the general suture line. 


of operation, the less the danger of complication; 
therefore, the O’Brien akinesia is preferable to 
the injection of the eyelids, especially for plastic 
operations. 
INCISIONS 

Knowledge of the healing of skin incisions dates 
from the time of Hippocrates, who operated for 
calculi in the kidney by incision. Diocles Carys- 
tius (circum 350 B. C.) bandaged the head for 
wounds caused by darts. Theodoric (1250) of the 
order of the Preaching Friars taught that wounds 
should heal by first intention and that suppuration 
was unnecessary. As it is so well established today 
it seems impossible that Paracelsus had to fight 
for this principle as late as the sixteenth century. 

Wounds were closed by adhesive strips and by 
rollers and compressors until animal gut sutures 
were employed by Rhazes (A. D. 852). Physick 
(1768) experimented with buckstring, French kid, 
and animal gut as ligatures. In 1848, W. T. Wragg 
wrote on the use of sutures in surgery and their 
advantages over adhesive strips and other modes 
of coaptation of the edges of wounds. Adhesive 
tape and Scotch tape still have their uses. Because 


there is little danger of death from the separation 
of eye wounds, the use of adhesives as advised by 
general surgeons (23) is valuable in primary and 
secondary wound closure when fear or shock is to 
be avoided. It is usually advisable to cut a notch 
in each side so that the strip will be narrow where 
it crosses the wound. If the tape is flamed, it will 
usually hold better. 

Postoperative scars. Ophthalmic surgeons have 
learned much concerning the prevention of scar- 
ring from the teachings of general and plastic 
surgeons. For example: (1) The incision must be 
made with a sharp knife and part of a safety razor 
blade is advised by the plastic surgeons to insure 
a sharp edge. However, since cataract knives may 
be sharpened so well, many ophthalmic surgeons 
use these knives for other than cataract incision. 
(2) The incision should not cut across the skin 
lines and must not be beveled because epidermis 
cannot be approximated with epidermis and co- 
rium with corium if the skin is beveled. (3) Effort 
should be made to avoid a jagged edge. (4) If the 
surface sutures are the finest obtainable, include 
only epidermis, and are placed without tension, 
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Fig. 5. The halving operation (Wheeler). a, inserting fascia lata in depressed 
wound in malar region; b, and insert, method of suturing skin which has been 
halved. 


after the layers of the corium have been accurate- 
ly approximated, excellent results are obtained. 
However, there is usually some uncertainty about 
suturing the different levels of the skin accurately, 
and halving the skin, as suggested by the general 
surgeons, permits accurate approximation of the 
epidermal layers. On one side of the incision the 
outer half of the skin is excised and on the other 
side the inner half of the skin is removed. These 
incisions of the skin need be only a few millimeters 
in width, the wound edge on which the deeper 
tissue has been removed is drawn over the surface 
of the wound edge, the outer surface of which 
has been removed (Fig. 4). 

Wheeler used the halving operation for lower 
eyelid and malar bone deformities (Fig. 5). 

After proper coaptation has been obtained, in- 
fection is the most serious danger to healing and 
each stitch should be observed daily. Keloid is 
particularly disfiguring and the general surgeons 
have pointed the way here by suggesting excision 
and radium treatment (61). 


SUTURES AND SUTURING 


Largely because of the delicacy of ophthalmic 
surgery, needles and suture material have been 
constantly improved. Most ophthalmic hospitals 
now have atraumatic needles available in various 
sizes, threaded with fine catgut and No. 000,000 to 
No. 00,000,000 white and black silk. Mersutures 
on curved eye needles, No. 000,000 black gossamer 
silkworm, have been useful in plastic surgery of 
the eye. I have found nylon sutures of value 
in transplanting Tenon’s capsule (7) and in re- 
section (4) and retroplacement operations (9g) for 
strabismus; nylon sutures have also been found 
of value for closing skin incisions. 


Much of what ophthalmologists have learned 
concerning the use of new suture material has been 
derived from their general surgical application, for 
example, the dangers of catgut. In the time of 
Lister, catgut had been tried often and as often 
abandoned. The factors governing the loss of 
strength of catgut when embedded in tissue were 
pointed out by Howes. He found that (1) in the 
presence of fluids such as physiologic sodium chlo- 
ride solution or of blood serum, the tensile strength 
is moderately diminished; (2) in an inflammatory 
exudate composed in large part of phagocytic cells, 
plain or chromicized catgut, practically irrespec- 
tive of size, loses tensile strength with great rapid- 
ity; (3) when infection is foreseen or when the 
premature loss of tensile strength in the catgut 
would be disastrous, removable nonabsorbable ten- 
sion sutures are indicated as an adjunct to the 
closure of the wound. 

When enucleation was performed the fact that 
suppuration often followed and that difficulty 
arose in obtaining complete closure of Tenon’s 
capsule led to the conclusion that the catgut was 
often unsterile and that its use did not permit 
complete closure of Tenon’s capsule. 

The idea of not burying catgut was first brought 
to my attention when I observed gynecologists 
(30a) closing abdominal wounds. This principle has 
been applied to the enucleation operation (6). One 
needle of the double-armed suture of No. 5 paraf- 
finized black silk is passed through the conjunc- 
tiva. The needle is then passed through Tenon’s 
capsule into Tenon’s space. A purse-string suture 
is placed within Tenon’s capsule and includes the 
tendons of the recti; care is used not to overlap 
the edge of the capsule. The ends of the sutures 
are then knotted over a rubber tubing and the 
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Fig. 6. Methods of closing cataract wounds. a, Williams’ 
conjunctival suture (1867); b, Kalt corneoscleral suture 
(1894); c, Van Lint conjunctival flap; d, Barraquer (1923) 
and Green (1923) conjunctival apron; c, Berens running 
conjunctival and episcleral suture (1925); f, McLean cor- 
neoscleral suture (1940). 


conjunctiva is closed by means of interrupted 
plain silk or catgut sutures. Only the deep sutures 
are removed. This technique has been used in 
more than 60 enucleation operations and post- 
operative loss of the implanted foreign substances 
has been less frequent than when catgut sutures 
were buried. The plastic implant (10) has been 
expelled in only 2 cases. 

Although surgical wounds have been closed with 
sutures for years, ophthalmic surgeons have been 
slow in suturing cataract wounds. However, the 
use of sutures in this operation has been almost 
universally adopted in the United States of Amer- 
ica since the discussion of this subject before the 
American College of Surgeons in 1925 by Zent- 
mayer, Posey, Ellett, and the author; at that time 
there was great difference of opinion in regard to 
the value of suturing. Ellett championed the Kalt 


suture; the author the conjunctival episcleral su- 
ture; whereas Zentmayer and Posey opposed the 
use of sutures. At that time none of the surgeons 
at the New York Eye and Ear Infirmary was 
employing sutures, except occasionally in compli- 
cated cases. Now in the majority of eye hospitals 
in the United States, sutures are used routinely 
for cataract extraction and several refinements 
have been suggested (Fig. 6). 

The principle of not using tension in suturing 
has been applied to cataract wounds for too much 
tension causes overlapping of the scleral and cor- 
neal wound edges. 

STERILIZATION OF INSTRUMENTS AND DRUGS 

By 1895, chemical sterilization had been re- 
placed by dry heat and steam sterilization, except 
in the preparation of the skin and of the operating 
field. 

Morax dry heat method. This method is satis- 
factory for the sterilization of eye instruments. 
Thoroughly cleansed dry instruments are placed 
in open boxes in an electric sterilizer (Moria) and 
the door is left partly open until a temperature of 
180 degrees F. (80 degrees C.) is reached, to be 
sure the instruments are dry. The boxes are closed 
and wrapped in paper and the door is shut when 
the danger of retained moisture with resulting oxi- 
dation is past. When 335 to 345 degrees F. (155 
to 160 degrees C.) is reached, this temperature is 
maintained for 30 minutes. Sets of instruments 
may be kept sterile for 1 week. If wrapped boxes 
are dated, the differentiation of sterile from non- 
sterile instruments is facilitated. Single instru- 
ments and syringes may be sterilized in large glass 
test tubes closed with cotton. The principal ob- 
jection to the dry heat method is that several 
sets of instruments are required. 

Chemical sterilization. For the chemical sterili- 
zation of instruments M. H. Post has used a solu- 
tion of alcohol 95 per cent with liquid cresolis 
compound 2 per cent 2 ounces, commercial chloro- 
form 2 ounces, liquid abolene 2 drams. With these 
chemicals no rust or tarnish appears on the blades 
after many days. 

Buffering eye solutions for surgical use and their 
sterilization. To lessen congestion of the eyes in 
operating it is well to use solutions which are 
nonirritating. A refinement of general surgical 
technique is Gifford’s method of buffering eye solu- 
tions (29). The composition of the acid buffer 
solution No. 1 is: 


Borie acid (aphydrous)..... 6.0. ccc ees cee 12.4 gm. 
Potassium chloride (anhydrous)............. 7.4 gm. 
MT I sso ie ee ce oid neess 1000 C€.C. 


This is suitable for phenacaine and butyn. 
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Fig. 7. Transplantation of Tenon’s capsule. a, A vertical 
incision is made along the semilunar fold in order to expose 
the medial rectus; Tenon’s capsule is not disturbed, and 
a muscle forceps without teeth or pins is passed beneath 
the muscle; b, the muscle is severed from its insertion, and 
the fibers lying between the forceps and the insertion are 
excised if a resection is desired. Two double-armed sutures 
are passed through the muscle from the scleral surface and 
then through the holes in the forceps. Tenon’s capsule is 
undermined on one side of the muscle and two double- 
armed sutures are passed through the border of the capsule. 


The composition of the stock sodium carbonate 
solution is: 


Sodium carbonate (anhydrous) 
Distilled water 


21.2 gm. 
1000 C.C. 


Gifford’s acid buffer solution No. 2, which is suit- 
able for cocaine and epinephrine, is made by add- 
ing 0.05 cubic centimeter of the stock sodium car- 
bonate solution to 30 cubic centimeters of acid 
buffer solution No. 1. His alkaline buffer solution 
No. 1 is made by adding 1.5 cubic centimeters of 
ihe stock sodium carbonate solution to 30 cubic 
centimeters of acid buffer solution No. 1. It is 
suitable for atropine, homatropine, pilocarpine 
ind physostigmine. Alkaline buffer solution No. 2 
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Incisions are made on each side of the sutures. c, Two 
additional sutures are passed through Tenon’s capsule and 
the graft is freed; d, Tenon’s capsule is reversed and su- 
tured with episcleral sutures over the rough scleral area 
where the medial rectus was formerly adherent; e, the 
medial rectus is drawn over the graft by means of traction 
with fixation forceps after the sutures have been passed 
through the muscle stump; f, the conjunctival wound is 
closed with a running suture. It is possible at this point 
to see the muscle and the graft in outline through the 
conjunctiva. 


is made by adding 4 cubic centimeters of the stock 
sodium carbonate solution to 30 cubic centimeters 
of the acid buffer solution. It is useful in cases 
of vernal and chronic conjunctivitis. 
Preoperative preparation of the conjunctiva. To 
sterilize the conjunctiva the antiseptics used 
should be selected according to the organisms 
found on smear and culture but a 0.25 per cent 
solution of zinc sulphate is useful as a routine 
procedure. In certain cases 1:2500 metaphen in- 
stilled several times a day has been helpful. Silver 
as suggested by Bell has been used with apparent 
success in lessening postoperative infection in cat- 
aract operations. Excellent results are likewise 
claimed by certain surgeons (11), who use no anti- 





622 SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 8. Tendon lengthening by division of tendon. 
1, Stephenson method; 1a, tb, division and lateral displace- 
ment of tendon; 1c, step-division, suturing of upper and 
lower cut edges. 2, Landolt’s similar method: 2a step-like 
division; 2b, reattachment of muscle. 3, Grimsdale method: 
3a, tongue-flap division; 3b, sutures introduced through 
extreme cut edges. 4, Verhoeff method: 4a, two pair of 
vertical incisions through one fifth the breadth of the ten- 
don at the upper and lower borders, and a vertical incision 
midway between the incisions through the middle quarters 


septics on the conjunctiva before operation be- 
cause they assert that asepsis of the conjunctiva 
is probably maintained by the lysozyme of Flem- 
ing when it is contained in the tears in normal 
concentration. Antiseptics possibly decrease the 
concentration of lysozyme by increasing lacrima- 
tion. Atropine, by producing paralysis of the 
parasympathetic nerves, diminishes lacrimation 
and increases the concentration of lysozyme. 


MUSCLES 


The prevention of adhesions following muscle 
operations probably originates from the covering 
of intestinal wounds to prevent adhesions. In eye 
surgery this principle has been recently applied (7) 
to the prevention or treatment of adhesions be- 


of the tendon. 5, Todd method: 5a, tendon is stretched 
between two strabismus hooks, and 2 incisions are made 
through one-third of the tendon at the upper border, and 
one incision made through one third of the tendon at the 
lower border. 6, O’Connor two-stage tenotomy: 6a, a cen- 
tral tenotomy is performed leaving uncut margin of 2 milli- 
meters at the upper and lower borders of the muscle; 
6b, after 4 weeks tenotomy of the 2 millimeter bands which 
were left attached at the upper and lower borders is per- 
formed. 


tween the muscles of the eyeball and the sclera 
(Fig. 7). The results in 9 cases have been most 
encouraging, although in one case the first opera- 
tion made the condition worse and this has not 
been rectified. In another patient the first opera- 
tion also made the condition worse, but a second 
Tenon’s capsule transplant, which was performed 
at the insistence of James W. White and Daniel B. 
Kirby, resulted in improvement in motility and 
appearance. 

Tendon lengthening has been used for weakening 
eye muscles for years, the first attempts following 
the principles used in general surgery (Fig. 8). 
However, this procedure has been almost com- 
pletely discarded in recent years for recession (17, 
38) and retroplacement (9) (Fig. 9). 
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Fig. 9. Retroplacement. a, Severing the tendon at its 
insertion after applying muscle forceps to the tendon as 
close to the incision as possible; b, double-armed sutures 
have been inserted through the muscle and Tenon’s capsule 
from the scleral surface then through the openings in the 
jaws of the forceps; c, three of the sutures have been passed 
through the episcleral tissue at the distance from the inser- 
tion which was measured and marked by using calipers; 
d, the sutures of the muscle have been tied. The old ten- 
don insertion is shown as an oval by means of a dashed 
line. The conjunctiva has been closed with a running No. 





oooo catgut suture. 


Transplantation. The transplantation of facial 
muscle or other muscles has been practiced for 
years. In eye surgery transplantation of an eye 
muscle was first performed by Jackson when he 
receded and displaced the superior rectus laterally 
for paralysis of the superior oblique. 

Gifford (30) believes that transplantation of liv- 
ing tendon slips from the superior and inferior 
rectus muscles offers the best chance of a cosmetic 
and functional result in paralysis of the lateral 
rectus muscle. 

A brilliant result was obtained by me in one 
patient (Major F. L.), who had a paralysis of the 
sixth nerve, and was referred by Dr. Daniel B. 
Kirby. Transplantation of the lateral half of the 
superior and inferior recti with Tenon’s capsule to 
the attachment of the lateral rectus, combined 
with a 6 millimeter resection of the lateral rectus 
and a 4 millimeter retroplacement of the medial 
rectus, was performed. Binocular single vision 
was obtained and he was admitted to the Cana- 
dian and American air forces. Before operation 
his vision was 20-15 in each eye without correc- 





tion. He had an esotropia of 454 for distance and 
404 for near. At the last examination he measured 
an esophoria of 104 for distance and 54 for near. 
His vision was normal in each eye and no lenses 
were prescribed. At the time of the patient’s first 
visit, he complained of diplopia and at the last 
visit he could hold binocular vision a little beyond 
the midline in the field of action of the paralyzed 
lateral rectus. 


PLASTIC OPERATIONS 


With the advent of Listerian antiseptic proce- 
dures, it became possible to repair hitherto perma- 
nent disfigurements of the body. Some surgeons 
began to treat these cases by utilizing living bone, 
cartilage, and flesh. It was World War I that 
made a specialty of plastic surgery. 

Cartilage transplantation. Von Mangold in 1897 
first advocated the use of a section of cartilage to 
support the anterior prominence of the nose. Bone 
and cartilage are used for the purpose of recon- 
structing mesodermal structures. Cartilage pos- 
sesses the lower metabolic rate (66) and unpre- 
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Fig. 10. Episcleral proliferation through electrolysis 
puncture wound in the eye of a rabbit. Note firm localized 
cicatrix present after 8 days. 


served autogenous cartilage may return toa normal 
state (Loeb). Autogenous costal cartilage trans- 
plantation so far has been used by ophthalmolo- 
gists mainly for filling in depressions about the 
orbit, and as an implant after enucleation. Carti- 
lage (“pickled” in 50 per cent alcohol) remains as 
tolerated dead foreign bodies (homografts) for 
about 9% months (53). 

Autogenous cartilage from the ribs, survives 
after transplantation, as living cartilage up to 
periods as long as 6 years, neither increasing nor 
decreasing in size. Obtaining the cartilage, how- 
ever, is not without risk. Therefore, costal carti- 
lage, obtained during autopsy, has been advocated 
by Straith and Slaughter in cases in which the 
cause of death is known and in which the de- 
ceased person’s blood is serologically normal. 
Middle aged persons are preferred because their 
cartilage does not present too much fibrous tissue 
or too much calcification. 

Cartilage from the ear is most suitable for re- 
forming the upper eyelid. 

Transplantation of fat has been used after enu- 
cleation (2) for filling the orbit, for preventing 
depression around the eye, and in cases of scar 
adherence to the bone. 

Fascia. Fascia has been shown by general sur- 
geons to be a living tissue and has been used for 
the correction of paralytic mouth deformity and 
for filling depressions. Fascia is used in ophthal- 


mology for filling in depressions which need not 
be too resistant to pressure as those in the malar 
region, not involving the orbital margin. Fascia 
is used for correcting ptosis (43), for the correction 
of strabismus (28), to line scleroplastic and kera- 
toplastic conjunctival flaps (57), for paralytic 
lagophthalmos (75), assubconjunctival grafts (74), 
and for replacing the tarsus. 

Preserved fascia lata is claimed to be as useful 
as fresh tissue and Ellett (20) has used it for the 
correction of ptosis with varying results. 

Grafts. Plastic surgeons have taught ophthal- 
mologists many ways of using different types of 
grafts. Although Szymanowski in 1867 wrote the 
first thorough book on restorative surgery, it was 
not until 1871 that Reverdin introduced the cir- 
cular epidermal skin grafts. 

The Thiersch graft was introduced in 1886 and 
proved that comparatively large pieces of skin 
could be transplanted. These grafts consist of 
very thin strips of epidermal skin taken from the 
extensor surface of the arm or the anterior region 
of the thigh. The Thiersch razor, an ordinary 
razor or grafting knife may be used to remove the 
strips but I have found that more uniform and 
thinner grafts may be obtained with the Padgett 
(52) dermatome. The technique I have found 
useful in restoring the socket is as follows: The 
socket is prepared as advised by Weeks (71) and 
Wheeler: The eyelids are undermined to the orbi- 
tal margins. Kerr’s dental compound wrapped in 
a Thiersch graft is inserted after the canthotomy. 

Gillies has used the Esser epithelial inlay (22) 
for contraction of the outer canthus. 

Wolfe of Glasgow, 1876, also utilized fairly large 
free skin grafts. The piece of skin was cut from 
selected parts of the body, preferably the outer 
side of the arm. Its size was about one-third 
larger than the size and shape of the area to be 
covered. Weeks (72) used the Wolfe graft for re- 
storing the lower eyelid, obtaining the graft from 
the inner surface of the upper arm. When possible 
it seems preferable to obtain the skin from the 
upper eyelid as the color is better. 

Pedicle grafts were used by Kaspar Tagliacozzi 
and described in his book entitled De Corturum 
chirurgia per insitionem (1597). He restored the 
entire nose by means of a double pedicle flap 
taken from the arm. Pedicle flaps have been used 
for coloboma, and the correction of permanent 
fistula of the eyelids. 

Blair and Brown prefer a skin graft of interme- 
diate thickness for certain plastic procedures, for 
example, the back of the hand not over the 
knuckles and on the subcutaneous muscles of the 
face and orbicularis oris and palpebrum. 
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Blanket grafts. A method of skin grafting which 
is termed “blanket graft” by which a graft with 
a total area of 176 square inches is prepared, has 
been described by McPheeters and Nelson. In 
their technique a pattern of the area to be covered 
is made by tailoring a sheet of gutta percha to fit 
it exactly, and this sheet in turn is covered with 
the thinnest grafts obtainable with the Padgett 
dermatome. The individual grafts are then su- 
tured. 

There can be little doubt that the use of free 
grafts by general surgeons inspired the attempts 
at total (58) and partial (35) corneal transplanta- 
tion. Usually the grafts have been obtained from 
an enucleated eye and transferred immediately 
but grafts from cadavers have been advocated by 
Filatov. A transplant was taken from the eye of 
a cadaver 41 hours after its enucleation. In his 
case the tissue remained transparent during 41 
months of observation. Eyes for this purpose are 
enucleated 2 hours after death and kept in a re- 
frigerator at 5 to 6 degrees centigrade. 


GLAUCOMA 


There are some points of similarity between 
intracranial hypertension and glaucoma and the 
surgical treatment used by neurosurgeons and 
ophthalmologists. In 1665 D. Julio Sala employed 
a trephine to drain a penetrating head wound. 
Who can doubt that the trephine operation for 
glaucoma really had its inspiration in the work of 
Sala. Eliott and Fergus were the first to use a 
trephine for the removal of a segment of the 
corneosclera in operations for glaucoma. 

There is a marked similarity between the La- 
grange iridosclerectomy (39) and iridocorneoscler- 
ectomy (5) and subtemporal decompression (18). 
However, according to Hartmann (34), Lagrange 
developed his technique without knowledge of 
Cushing’s work, although one might surmise that 
there was a relationship. 

Formerly in the treatment of brain abscess, 
trephination and drainage by means of wicks were 
employed. Mosher’s drain, 1916, was a real ad- 
vance. This operation may be compared with 
iridotasis (13) and with the drain operation of 
Troncoso as well as the seton operation (80) and 
the Wiener drainage operation. Wiener put a 
thread between the choroid and the sclera (76). 


ALCOHOL INJECTIONS 


In 1903, Schloesser used alcohol injections for 
trigeminal neuralgia. In rg15, Sicard (62) injected 
alcohol into the nerve-trunk of the median nerve 
in cases of painful lesions of the nerve plexus. In 
1930, Weekers called attention to the sedative 


action of the intraorbital injections of alcohol. He 
referred to the work of N. Bruce in 1913, Brady 
in 1915 and others who showed the value of anes- 
thetics in inflammations. 

Ciliary ganglion. Magitot injects 1 to 1.5 cubic 
centimeters of 20 to 50 per cent alcohol into the 
ciliary ganglion in cases of iritis, iridocyclitis, 
glaucoma secondary to iridocyclitis, interstitial 
keratitis (syphilitic) , phlyctenular keratitis in chil- 
dren, and acute glaucoma even with good vision, 
I have used 1 cubic centimeter of 80 per cent 
alcohol in absolute glaucoma with high tension 
and pain. The pain and tension have been re- 
lieved in several cases. I inject 1 cubic centimeter 
of novocain, 4 per cent, with 3 minims of 1:1000 
adrenalin in the region of the ciliary ganglion. 
The needle is left in place, after 5 minutes the 
alcohol is injected. 

For pain and glaucoma, Alexander rejected the 
resection of the ciliary ganglion and Grueter’s in- 
jection of alcohol into the orbit around the ciliary 
ganglion on account of their risk and adverse com- 
plications, i.e., paralysis of ocular muscles, perfo- 
ration of sclera, possible necessity for enucleation, 
pain. He found that injections of alcohol into the 
gasserian ganglion gave great satisfaction in neu- 
ralgia of the trigeminus, as there were no ill effects. 

Fifth nerve and gasserian ganglion. Schloesser, 
Ostwalt, Levy and Baudouin and Sicard (62) were 
among the first to inject the nerve-trunk in tri- 
geminal neuralgia. Groves has recommended the 
injection of the branches of the trigeminal nerve 
with 80 per cent alcohol. This is done through:a 
long needle thrust into the cheek so as to lie above 
the sigmoid curve of the jaw, and an endeavor is 
made to enter the foramen ovale or the spheno- 
maxillary fossa, in order to inject the actual nerve 
trunks near the ganglion. 

Supraorbital neuralgia. Three cases of severe 
headaches were treated by Swetlow with relief for 
10 to 12 weeks, by alcohol injections of the great 
occipital or supraorbital nerve. 

Sphenopalatine ganglion. Pain produced by ker- 
atitis, iritis, glaucoma, and other ocular conditions 
may be controlled by anesthetizing Meckel’s gan- 
glion or by intraorbital injections. In addition to 
the relief of pain there may also be a decrease in 
photophobia, blepharospasm, and _lacrimation. 
Magitot’s methods of anesthetizing the spheno- 
palatine ganglion are as follows: 

A. Local application—Bonain’s solution (cocaine, men- 
thol, carbolic acid) is applied with a cotton pledget either 
directly or after cocaine 4 to 5 per cent. This application 
may be repeated every 4 or 5 days. Technique: An appli- 
cator, slightly bent, is introduced between the lower and 
middle turbinates, following the lower edge of the middle 
turbinate until its posterior end is reached. The tip of the 
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applicator is rotated slightly outward and is pushed a little 
further, allowing it to rest on the fossa containing the 
sphenopalatine ganglion for to minutes. 

B. Injection of the sphenopalatine ganglion—with novo- 
cain injected directly in the sphenopalatine ganglion, 
through the greater palatine canal, injection should be 
made in the mouth at the level between the second and 
third molar, where the velum merges into the gum. Aubin’s 
angulated syringe is used with a 35 millimeter rather blunt 
needle. Some novocain is injected under the mucous mem- 
brane of the mouth; the needle is then pushed into the 
greater palatine canal (35 mm. deep) and 1 cubic centimeter 
of a 2 per cent solution of novocain is injected. It is inad- 
visable to inject alcohol because some cases of necrosis of 
the maxilla have been reported, probably because the pala- 
tine artery was injured. 


Spastic entropion. The injection of alcohol for 
the correction of spastic entropion has been advo- 
cated by several ophthalmic surgeons. The skin 
about the external canthus is painted with 3 per 
cent iodine, and 0.5 cubic centimeter of a 4 per 
cent solution of novocain, is injected into the outer 
fibers of the orbicularis muscle, extending a dis- 
tance of about 4 or 5 millimeters into the lower 
eyelid near the margin. The needle is left in place 
and 0.2 to 0.3 cubic centimeter of an 80 per cent 
solution of alcohol is usually injected into the 
muscle. (I prefer 0.5 c.c. of 60 per cent ethyl 
alcohol.) 


INJECTIONS FOR PAIN IN HERPES ZOSTER 


According to Secunda, Wolf, and Price in 13 of 
15 patients with acute herpes zoster, relief from 
pain was obtained by injections of 0.5 per cent to 
2.0 per cent novocain followed as necessary by 
nupercaine, Hollander’s formula or a modification 
of it, thus: 


PN nies eS ae cadisle a Rega weecee ees ee 3 
| eras Pista eeeea | Lal 
| eee pricikoansi alae: ; I 


Oil of sweet almond q.s.ad......... ......... ... 100 


While pain disappeared promptly, it recurred in 
some patients from 1 to 30 hours later. Injections 
of novocain and the anesthetic in oil permanently 
abolished the pain in 7 of 9 patients. The areas 
of herpetic hyperesthesia are mapped out by pin 
prick, brush or pinching, cleansed with 95 per cent 
alcohol and subcutaneously infiltrated with the 
therapeutic agent until there is total anesthesia. 


SCLEROSING INJECTIONS FOR ANGIOMAS 


There can be little doubt that the injection of 
sclerosing solutions for varicose veins (27) and 
hemorrhoids led to the use of these solutions by 
ophthalmologists. Forestier who made the first 
injections recommended sodium salicylate, qui- 
nine, and red mercuric iodide. The reaction 


(venitis) which leads to obliteration and secondary 


atrophy of the superficial vessels is now usually 
produced by sodium chloride, sodium morrhuate, 
monoethanolamine oleate, 66 per cent solution of 
dextrose. 

Malkin has successfully injected hemangioma 
of the eyelid with sclerosing solutions (e. g., qui- 
nine and ethyl carbamate, quinine dihydrochlo- 
ride, sodium chloride). 


ELECTROSURGERY IN THE EXCISION OF TUMORS, 
EXENTERATION AND DETACHMENT OF THE 
RETINA 


The experiments of d’Arsonval and Oudin led 
to the use of electrosurgery in 1907 and diathermy 
was first employed in eye operations in 1911. In 
1929, Moers described the use of the diathermy 
knife for orbital phlegmon. He believes that the 
advantages of this method are: (1) pus is evacu- 
ated without opening blood vessels or lymphatics 
and (2) the diathermy incision produces steriliza- 
tion along the line of incision and of the tissues a 
certain distance from the point of application. 
Monbrum has given the following indications for 
coagulation: exenteration of the orbit for a large 
invading tumor as well as destruction of tumors 
or other chronic proliferations of the eyelids and 
the bulbar conjunctiva. 

In performing exenteration of the orbit, Mc- 
Reynolds also prefers the electrocautery knife 
which reduces to a minimum the hazard of spread- 
ing the cancer cells. 

Diathermy has been most successfully applied 
to operations for retinal detachment, and the ma- 
jority of surgeons in the United States of America 
(8) prefer it. Safar used a diathermy current of 
about 30 milliamperes, small needles about 1.5 
millimeters in length placed over the retinal tear, 
then over the entire area of the detachment. After 
all the needles are placed and the current is ap- 
plied, he removes them, thus allowing free escape 
of subretinal fluid. Some surgeons prefer the 
Lacarrere needle, Walker pins, or the Gradle 
curved needle applicator and about 4o milliam- 
peres of current. 


ELECTROLYSIS 


Electrolysis, so long used by dermatologists for 
the removal of superfluous hair, is especially useful 
to remove cilia. I prefer to use 0.5 milliampere 
for 1 minute. Electrolysis was first used in opera- 
tions for retinal detachment by Verhoeff in 1917. 
In my experience (8) and from animal experiments 
(Fig. 10) electrolysis makes a more firm union 
between the retina, choroid, and sclera than does 
diathermy. In applying electrolysis in the macu- 
lar region I have found that the delicate platinum 
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needles of Walker, 1.5 milliamperes for 3 seconds, 
are useful. I prefer to use the Grieshaber steel 
needles, 5 milliamperes for 5 seconds, in the pe- 
ripheral parts of the retina. 


SUMMARY AND CONCLUSIONS 


Although some surgical practices seem to have 
originated with ophthalmic surgeons, most of 
their procedures seem to be adaptations or refine- 
ments of general surgical technique. Special con- 
sideration is given to the following: anesthesia, 
incisions, sutures and suturing, sterilization of in- 
struments and drugs, muscles, plastic operations, 
glaucoma, alcohol injections, injections for pain in 
herpes zoster, akinesia, sclerosing injections for 
angiomas, electrosurgery in the excision of tumors, 
exenteration, detachment of the retina, and elec- 
trolysis. 

Although Ambroise Paré said we will have to 
give thanks to God for our humanity and skill, the 
ophthalmic surgeons should also thank the gen- 
eral, neurologic, and plastic surgeons for much of 
their success in attaining the hippocratic ideals of 
ability, grace, speed, and painlessness. 
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RECENT TRENDS IN THE SURGERY OF HETEROTROPIA 


MOACYR E. ALVARO, M.D., Sao Paulo, Brazil 


HE operative treatment of heterotropia 

has recently completed its one hundred 

and second year. On October 26, 1839, 

Dieffenbach, inspired by Strohmeyer’s 
ideas and following Delpech’s technique for tenot- 
omies, performed the first squint operation by 
cutting the internal rectus of the right eye in a boy 
of seven. Since then much has been written on the 
subject. At first there was an almost unbelievable 
mania for operating on cross-eyed individuals, and 
tenotomies and myotomies were done by the 
thousands in all parts of the world, with the 
inevitable bad results. There followed the usual 
reaction of skepticism. The improvements in 
surgical technique by von Graefe and others 
throughout the nineteenth and at the beginning of 
the twentieth century did not seem able to over- 
come that reaction, and in 1905 Haab is quoted as 
having stated that “the operation for the correc- 
tion of strabismus is the least satisfactory of all 
operative procedures on the eyes” (83). Landolt 
mentioned the fact that an old practitioner and 
professor of ophthalmology had given the surgical 
treatment of strabismus up completely on account 
of its unsatisfactory results. But Landolt himself 
did not agree with that attitude toward the opera- 
tive treatment of heterotropia and emphasized 
that bad results were a consequence of not adher- 
ing to the fundamental surgical principle, “Under- 
stand the nature of the disease we attack. Under- 
stand the way operations work.” Much good 
clinical and surgical work has been done since in 
the field of surgical treatment of strabismus, 
chiefly in Anglo-Saxon countries, and Landolt’s 
advice seems to have been followed as much as 
possible. Consequently, the results of that treat- 
ment have improved continuously. 

Strabismus, according to William Thornwall 
Davis, is really a complex of diseases having one 
common symptom, namely the deviation of the 
eyes from their parallelism. Better understanding 
of this complex of diseases is responsible for the 
establishment of general rules for treatment to be 
applied intelligently in each individual case. Sur- 
gery is a very important part of that treatment, 
although one should always bear in mind that “to 
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employ the highest type of surgery is but to take 
a small step toward the production of a physio- 
logical result” (Nugent). This small step, how- 
ever, is in many instances absolutely necessary 
and it seems to be an accepted rule that when 
strabismus does not show any improvement after 
a reasonable trial period of 6 months (Wilkinson) 
with medical and orthoptical treatment or if such 
improvements come to a standstill, there is no 
other alternative but to operate. Duane’s state- 
ment that “temporizing treatment with prisms 
and exercises has very decided limitations” should 
never be forgotten. Worth-Chavasse added to 
Duane’s caution “temporizing treatment must 
now be recognized for what it is—fiddling while 
Rome burns.” 

There does not any longer seem to be serious 
controversy regarding the necessity for early 
treatment of strabismus; nor regarding the aim of 
the treatment—namely, to establish simultaneous 
binocular stereoscopic vision. It is true too that 
when operations have to be resorted to, they are 
but one phase of the treatment, preoperative and 
postoperative orthoptic medical treatment being 
equally essential in order to get good physiological 
results. It is an equally accepted truth that the 
medical treatment of heterotropia succeeds in 
greatly reducing the proportion of surgical cases. 

As Lancaster has recently emphasized, accurate 
knowledge of the nature of the extraocular mus- 
cles, of their form and functions is of great im- 
portance for the complete understanding of the 
surgical treatment of heterotropia. As he has 
pointed out, it is essential to know that weakening 
or strengthening one given muscle is not the pur- 
pose of an operation for the correction of strabis- 
mus. The real aim of such a procedure is to place 
the eye in a more favorable position for synergic 
movements with the fellow eye, to enable simul- 
taneous macular perception, fusion, and stereo- 
scopic vision. One should never forget that there 
is a great disproportion between the power of each 
muscle and the energy actually needed for the 
movement of the eyeball; consequently, the idea of 
strengthening or weakening simply one muscle 
cannot prevail. 

In order to be able to choose the best surgical 
procedure, it is of great importance to investigate 
the nature of each case of heterotropia and never 
to neglect consideration of convergence and di- 
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vergence. Therefore, exact measurements of the 
angle of deviation are essential. Equally essential 
is exactness in grading the several types of opera- 
tions according and in proportion to the amount 
and nature of each case. The experience of many 
surgeons has enabled them to establish certain 
tables in which to each degree of deviation a cor- 
responding number of millimeters of recession, 
advancement, or shortening, as the case may be, 
is given. These tables are undoubtedly very use- 
ful, but the functional condition of the external 
muscles taken individually and in their synergical 
association as well as the many variations of each 
individual case should be also taken into consider- 
ation. 

Great importance has been attached of late to 
vertical deviations, since (White and Brown; 
Davis; Dickey) their presence or absence is the 
chief factor involved in the failure or success of 
surgical treatment. It is widely known that verti- 
cal hyperphorias are much harder to deal with, and 
it is only logical to assume that the same difficulty 
in fusion found in latent vertical deviation, even 
after the correction of the lateral defect, will 
hamper the establishment of fusion which is nec- 
essary to complete the surgical results. 

It appears to be an accepted fact that whenever 
possible the operation should be divided between 
the two muscles concerned in the deviation 
(Curdy), this being advantageous both from the 
point of view of the technique and of the end- 
results. 

It seems futile to expect that an operation on 
the external muscles of the eye can place the 
deviated eye in complete parallelism to the other 
eye. It is a well known fact that moving the eye- 
ball by 1 millimeter in any of its meridians will 
deviate the visual axis by approximately 5 degrees, 
and with the technical methods at our disposal 
now it is not possible to grade any muscular opera- 
tion to a fraction of a millimeter. Thus it is quite 
clear that it is a surgical impossibility accurately 
to change the position of an eye to such a fraction 
so as to make its visual axis parallel to that of the 
fellow eye. A deviation of 5 minutes of the visual 
line of one eye in relation to that of the other will 
cause blurred vision (Fig. 1); consequently, a de- 
viation twelve times as great will render simul- 
taneous macular perception with normal projec- 
tion completely impossible. The purpose of the 
operation is to place the deviated eye in such a 
position that fusion will be rendered possible. 

Some well known types of operations such as 
simple tenotomies, the end-results of which are 
utterly unpredictable, have been banned. But 
many other methods have been devised, the ex- 
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Fig. 1. Points A and B are 5 minutes apart and a dif- 
ference of 5 minutes will cause slight diplopia. Points A 
and C are 1 degree apart from each other. The most ac- 
curate operative methods can be exact to the millimeter, 
corresponding to 5 degrees. 
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cellence of which is questionable. McReynolds, 
according to Durr and White, according to Spaeth 
(64), are quoted to have said: “Every oculist 
suffering with insomnia devises a new operation 
for squint and all oculists have insomnia.” There 
certainly is no doubt as to the very large number 
of methods found in the ophthalmological litera- 
ture for operations on external muscles of the eye 
with or without special instruments. And many 
papers dealing with the surgical treatment of 
strabismus which are found in the journals or pre- 
sented at society meetings cannot be regarded 
truly as contributions toward the progress of this 
branch of ophthalmology. Some of these papers 
deal with some minor and really unimportant 
details in the technique. Others tell about the 
individual preference of the author for this or that 
type of operation which he uses indiscriminately 
for all cases. Others devise plans for the choice of 
this or that type of operation depending entirely 
upon the number of degrees of heterotropia in 
each case. Others, still, give statistics of a large 
percentage of cures, but these cures are only 
anatomic; and, in some instances, when the pro- 
portion of physiological cures is mentioned their 
small number is an indication of the inadequacy 
of the methods used. Going through the litera- 
ture of the treatment of heterotropia one is flab- 
bergasted by the difference in quality of the 
different contributions, and it is quite surprising 
to find papers published the same year and com- 
ing from cultural centers of equal standing that 
are so different in their outlook. One will be a 
well presented and conclusive paper illustrated by 
a carefully analyzed series of cases of strabismus, 
in which some patients had and some had not 
had postoperative orthoptic treatment; and the 
next will be a brief description of some crude 
method of increasing the effects of a simple 
tenotomy. 
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Recently Harms, Herlyn, and Renner made a 
survey of a series of strabismus patients in central 
Europe, who had already been operated on, and 
found that very few patients indeed could be 
spoken of as physiologically cured. In an over- 
whelming majority of cases there was a more or 
less perfect anatomic cure. As Harms pointed out, 
this was due to the fact that the approach to the 
significance and essence of concomitant strabis- 
mus is not sound and many ophthalmologists still 
abide by Wiesel’s ideas expressed as follows: “The 
surgeon performing an operation for strabismus 
does away with the pathological alterations found 
in the eye and thus serves cosmetic purposes 
which are so generally welcomed nowadays.” 

Experimental pathological investigation in order 
to verify histologically the result of surgical meth- 
ods has been done to a small extent. It can be 
readily understood why such investigation cannot 
be easily carried further with human eyes; conse- 
quently, the source of our knowledge must of 
necessity remain in the clinical field. Thus it 
would be of great advantage to the progress of our 
knowledge if ophthalmologists could be induced 
to give the subject of strabismus more care, so 
that so much of their efforts would not be com- 
pletely lost. Only analysis of the end-results of 
many well observed cases will enable us to judge 
the advantages of a particular method, and for 
that purpose a fixed criterion for gathering the 
data for such papers should exist. A compara- 
tively large number of instructive papers dealing 
with the treatment of strabismus and meant for 
doctors who are not ophthalmologists, and even 
for the lay public, have been successful in increas- 
ing the number of cross-eyed children being given 
proper care. In the same way possibly something 
could be achieved to educate ophthalmologists. 

In spite of the great difference in standards, by 
and large considerable progress in the surgical 
treatment of concomitant strabismus may be 
noted, and it is to be hoped that with an increasing 
number of cases coming for early treatment, as a 
result of the enlightenment of the general prac- 
titioner and the lay public, more will be achieved 
in the near future. 

Regarding the surgical treatment of paralytic 
strabismus, in comparison there has been more 
progress in the last few years, as can be readily 
inferred from the increasing number of papers 
(the majority of them very good), dealing with 
this subject, which are found in the literature. 
This growing interest in the surgical treatment of 
paralytic strabismus is most desirable because, as 
it has been pointed out by Gifford (28), there are 
still many ophthalmologists who give the matter 





little or no attention, and moreover our approach 
to the subject will undoubtedly benefit from the 
gathering of new data. 

Differences of opinion still prevail to a large 
extent regarding the choice of the operation for 
each type of case. This seems to be due more to a 
lack of proper diagnosis, quite difficult in many 
instances, than to actual individual disagreements. 
The paralysis of an external muscle can easily 
cause a contraction of its opponent or an overac- 
tion of its synergical associate muscle in the con- 
tralateral eye, and the predominance of the latter 
or of the former action can give a rather confusing 
picture. If the real cause of the deviation is not 
discovered, improper treatment will follow with 
all of its evil consequences, including the dis- 
crediting of a good method. 

The exact diagnosis is sometimes really difficult 
to establish. Sound knowledge of all the muscular 
functions, more especially in the several directions 
of ocular gaze as it was emphasized by Vander 
Hoeve and Roelofs is a condition sine qua non of 
success. 

Generally speaking there are already some ac- 
cepted rules for the choice of the operative meth- 
od, as Peter has pointed out, and these rules 
are the result of constant observation. But re- 
garding what can be expected from each type of 
surgical treatment there is still some controversy 
(Gifford, Bielschowsky, et al.). The same con- 
troversy prevails in relation to the possibility of 
transplanting the tendon of a lateral rectus to a 
spot a few millimeters above or below its former 
attachment for the purpose of correcting vertical 
deviations (Casten, Mikuni). There is also a dif- 
ference of opinion regarding the action of trans- 
planted tendons of abducting muscles. Experi- 
ments in anima vili (Olmstead, Marguti and Yana- 
gisawa, 72) seem to prove that such transplanted 
muscles can thereafter have an adducting action, 
while others (Beard) deny that possibility. Equally 
controversial is the matter of priority in the sur- 
gical treatment of combined vertical and lateral 
deviations: White (79) is in favor of correcting 
the vertical deviation first, whereas others prefer 
to correct both lateral and vertical defects simul- 
taneously. The importance of vertical deviations 
has been emphasized too (Harms, 33), especially 
in children in whom its early correction has been 
advocated (Krueckmann) in order to prevent 
torticollis with its injurious results in the develop- 
ment of the skeleton. Anatomical findings of 
absent muscles (Casten) and of muscular bands 
under the contracted rectus internus (Apple) which 
cannot be suspected before the operation also 
have been reported. 
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I shall now proceed to review the several ad- 
vances in the surgical treatment of heterotropia 
reported in the literature on the subject from 1937 
up to 1940. The year of 1937 has been chosen 
because a very complete review of the literature 
up to that date was published by C. Maynard 
Wheeler in that year. 

The prevailing views on the several aspects of 
the surgical treatment of heterotropia according 
to the literature in the last few years follow. 

Age at which to operate. It appears that in the 
United States there is an almost unanimous view 
regarding the question of age as a limitation for 
the operation of strabismus. Operative treatment 
should be resorted to whenever found necessary, 
if the medical orthoptic treatment did not bring 
about any improvement after a trial period of 6 
months, irrespective of the patient’s age. 

The principal reasons given in favor of an early 
operation are: (a) greater response to postopera- 
tive orthoptic treatment in younger patients; and 
(b) the disadvantage of having a physically handi- 
capped child mentally influenced by that handi- 
cap (Dunnington). 

There are still quite a number of opinions in 
favor of a late operation, chiefly in Europe. The 
explanation for those opinions are chiefly: (a) the 
advantage of operating with local anesthetic, this 
being only possible after adolescence; (b) the pos- 
sibility of spontaneous cure before adolescence; 
(c) the difficulty in securing the parents’ permis- 
sion to operate early. Spontaneous cure appears 
to be very rare indeed, the straightening of the 
deviated eye at adolescence proving with hardly 
any exception only an anatomic cure with binocu- 
lar vision practically always absent. 

Regarding the parents’ unwillingness to grant 
permission for the operative treatment, it is a 
matter of education, and according to the sug- 
gestion of Martin and Nugent, both the medical 
profession and the laymen should be instructed 
about the advantages of early treatment, opera- 
tive or otherwise. Regarding the anesthetic, gen- 
eral anesthesia is finding greater favor in strabis- 
mus operations at all ages. 

Choice of cases for operation. All cases of di- 
vergent concomitant strabismus, not responding 
in a short time to medical orthoptic treatment, are 
surgical cases. In convergent heterotropia, opin- 
ions vary as to the maximum degree of deviation 
justifying conservative treatment. Some go as far 
as to advise surgical treatment for all cases above 
8 degrees (Sternberg); others to state that under 
15 orthoptic treatment alone is adequate. Here 
again it is rather hard to establish a fixed limit 
based on the degree of deviation for operative and 


nonoperative cases. As long as there is marked 
and continuous improvement with orthoptic treat- 
ment, operative treatment should be postponed. 
Whenever there is a high degree of hypermetropia 
great caution is advisable: even if full correction 
of the existing ametropia fails to correct the 
tropia immediately, a belated improvement may 
still be expected and consequently surgical treat- 
ment should wait (Dunnington). 


OPERATIVE PROCEDURES 


There are several types of operations for hetero- 
tropia. Some aim at increasing the effect of the 
muscles, and others at decreasing it. Among the 
operations of the first group are the advancement 
of the tendon and the shortening of the muscle, or 
the combination of both types, as in advancement 
with resection. The advantages and disadvan- 
tages of each group will be discussed later. 

The different types of operations should not be 
used indiscriminately. If individual preferences 
for a particular surgical procedure are put aside 
when the preference seems to have no special 
basis, there are definite reasons for the chosen 
methods of treatment of the several types of 
strabismus. 

According to Gibson there are three main causes 
of bad results in the surgical treatment of hetero- 
tropia; namely overcorrection, undercorrection, 
and choice of the wrong type of operation. Hence, 
it is important to choose the type of operation 
most adequate according to the exact findings and 
measurements in each individual case. 

Some controversy seems to prevail regarding 
the importance of measuring the actual strength of 
each individual muscle in order to choose the 
operation in the different cases. Lancaster does 
not pay much attention to the action of each indi- 
vidual muscle, whereas others still attach great 
importance to it and even go to the extent of test- 
ing the strength of the muscle at the beginning of 
the operation in order to decide the type of sur- 
gery ultimately to be used (Jameson). 

The relative state of convergence and diver- 
gence appears to be of major importance in the 
choice of the operative method (Maxwell Lang- 
don, 42; Peter, 54; Dunnington). According to 
Prangen (59) increased esotropia at the near point 
is a sign of excess of convergence and increased 
esotropia for distance is a sign of excess of diver- 
gence. Conversely, decreased esotropia at the 
near point is a sign of lack of convergence and 
decreased esotropia for distance is a sign of lack of 
divergence. Accordingly, in cases of excess of con- 
vergence the interni should be weakened; in cases 
of excess of divergence, the abductors should be 
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weakened; in cases of lack of convergence in con- 
vergent strabismus, an operation strengthening 
the externi should be preferred; in cases of lack of 
convergence in divergent strabismus an advance- 
ment of the interni should be chosen; in cases of 
lack of divergence, strengthening of the abductors 
is the method of choice. 

More and more the idea prevails that the action 
of the operative treatment should be equally di- 
vided as much as possible between the two an- 
tagonist muscles of the same eye, in order not to 
have too much tension in the sutures which might 
cause ultimate changes in the results (Curdy; 
Berens, 12; Kirwan). Gibson was led to favor 
this idea too by the good results observed in cases 
of very great deviations in which this method of 
operating simultaneously on two muscles of the 
same eye had been used. 

A careful examination of each individual patient 
is essential for the proper diagnosis of the actual 
cause of the “symptom.” And this diagnosis is 
absolutely necessary for the choice of the proper 
operative method. Guibor classified the several 
types of strabismus and their respective aspects in 
the different tests. Thus, the test for visual acuity 
will spot all cases of amblyopia; testing the move- 
ments of the eyeball will show the difference be- 
tween a pseudoparalytic strabismus and that of 
heterotropia due to underaction or overaction of 
individual muscles; the use of atropine rotates the 
eye inward in the pseudoparalytic and decreases 
the deviation in the accommodative type. The 
correction of ametropias with proper glasses will 
decrease the deviation angle in both accommoda- 
tive and anisometropic type; measuring the angle 
for the near-point and for distance enables the 
separation of the muscular from the accommoda- 
tive types; the tests for fusion will show a certain 
degree of fusion in the accommodative type, fusion 
for larger images in the anisometropic, partial 
fusion in the amblyopic, and none at all in the 
fusion type. 

When double hyperphoria (Verhoeff) is found 
simultaneously with lateral deviations it is very 
important to have that corrected either before or 
at the same time as the lateral strabismus. 

Simple tenotomy. Simple tenotomy nowadays 
had better be mentioned in the historical part of 
the surgical treatment of heteropia, for there is no 
possible difference of opinion regarding the un- 
predictable effects of this crude and unscientific 
method. Both experimental work and clinical in- 
vestigation have proved without any possible 
doubt how unreliable the method is. A few sur- 
geons still use simple tenotomies, but the only 
acceptable reason for its use is the fact that it is 


very simple, lending itself to easy performance on 
young children. However, the possibility of ham- 
pered convergence resulting from tenotomy on 
the internal recti of young children is one of the 
principal reasons why the operation should not be 
used. 

In the surgery of divergent strabismus, simple 
tenotomy of the external rectus is still advocated, 
but logically a recession would replace the simple 
tenotomy very advantageously. 

Controlled tenotomies. In order to avert the 
dangers of simple tenotomy, several methods have 
been devised by which a stitch is passed through 
the muscle or the tendon before it is severed, this 
stitch being tied afterward to the tendon stump 
on the sclera, to the conjunctiva, or both. 

Von Blascovics described a technique for a con- 
trolled tenotomy and his method has found great 
favor in central Europe (Harms, 33; Miklos). Von 
Blascovics’ controlled tenotomy is quite an im- 
provement upon the more primitive procedure of 
simple tenotomy, but neither this method nor any 
other presented so far can compare with Jame- 
son’s recession, the tendon of the severed muscle 
not being properly attached to the sclera and con- 
sequently the final attachment being somewhat 
uncertain and unpredictable. The favor met by 
controlled tenotomies can be ascribed to the possi- 
bility of subsequent improvement of the results of 
an operation when overcorrection or undercorrec- 
tion are found to be present. This is achieved by 
leaving the sutures tied in a way that allows for 
the tightening or the loosening of the suture in the 
first days after the operation. More will be said 
about this presently. 

Weakening of muscular action through other meth- 
ods than tenotomies. Lengthening of muscles is 
seldom used any more, but occasionally the meth- 
od is mentioned in the literature. Samurawkin 
recently advocated lengthening the muscle by 
pulling hard at it with a strabismus hook. He 
associates this with advancement of the antagon- 
ist. Central tenotomies are still practiced here and 
there, but their use does not seem justified since, 
as it has been proved by the experiments of 
Watrous and Olmstead, this type of operation is 
effective only because the postoperative attach- 
ments to the sclera of the part of the tendon 
operated upon bring about a reduction in the arc 
of contact. Peter has deliberately reduced the arc 
of contact by suturing the tendon to the sclera 
some millimeters back of the point of normal 
attachment. Alabaster with gold sutures pulls the 
muscle in the opposite direction of its action dur- 
ing the advancement of the antagonist, and Worth- 
Chavasse places a band of electrocoagulation 
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not exceeding 1 millimeter at the bottom of a deep 
groove of the same width with the purpose of con- 
verting the contractile portion of the muscle in 
front of the band into inert tendon, thus reducing 
the action of the muscle. Walker, who studied 
histologically the muscles after this sort of dia- 
thermocoagulation, found that both the nerves 
and the muscular fibers are destroyed. By and 
large these different methods have not met with 
great favor and too little is known about their 
real merits. 

Recession. Recession is undoubtedly the best 
type of operation for the purpose of weakening the 
action of a muscle. Jameson advocates a wide 
conjunctival incision in the plica semilunaris. 
Curdy severs the tendon with a knife. Peter (55) 
recommends great care in the handling of the mus- 
cle and thus condemns the use of forceps. With 
the aid of a hook with which he lifts the muscle 
first on one and then on the other side, he makes 
one whipstitch at each side of the tendon before 
it is cut. Even fanlike spreading of the tendon on 
the sclera seems to be of great importance for the 
avoidance of future cyclophoria, and the stitches 
should be made with proper care in order to en- 
sure uniform attachment. 

Recessions are limited by the distance to the 
equator of the point of attachment of the different 
muscles on the sclera. Thus 5 millimeters for the 
rectus internus, 4 millimeters for the rectus in- 
ferior, 3 millimeters for the rectus externus, and 
2.5 millimeters for the rectus superior seem to be 
the maximum that can be receded. In the case of 
larger eyes (the diameter of the cornea according 
to Priestley Smith being possibly the best index to 
judge about the size of an eye), 1 to 1.5 milli- 
meters more can be allowed for each muscle. It 
has been claimed that even with larger recessions 
no ill results such as lack of convergence have been 
found, and apparently with the rectus externus 
more liberties can be taken, but on the rectus 
internus the maximum limit of 6 millimeters 
should not be stepped over. According to Jame- 
son a 5 millimeter recession of the rectus internus 
will correct 20 to 25 degrees, and the recession of 
the rectus externus corrects one-third of that. 
According to Peter (54) only 12 degrees’ correction 
can be expected from a recession of 6 millimeters, 
whereas 25 degrees can be expected if the recession 
is combined with advancement. Results vary 
considérably according to individual variations of 
the muscles. Asa rule about 5 degrees for every 
millimeter of recession can be estimated, if the an- 
tagonist is operated on simultaneously. 

Advancement. This type of operation meant to 
enlarge the arc of contact is still in great favor 
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(Wheeler) although its results have been ques- 
tioned and some controversy has arisen regarding 
its action. Duverger, quite some years ago, ex- 
perimenting on rabbits found that after some time 
the advanced tendon finds itself attached to the 
former stump, in which case the advancement 
would only act through the shortening of the 
muscle. Prangen and Horay are of a similar opin- 
ion regarding the results of advancements, but 
Jameson believed that the muscular fibers are still 
active and can take action even when they are 
embodied in the attachments to the sclera. Peter 
is in favor of advancements because he finds that 
by including the capsule and the conjunctiva in 
the advancement about 5 to 10 degrees more can 
be corrected with this type of operation. 

Apparently advancements will not correct more 
than about 15 degrees (Wheeler) except if asso- 
ciated with recession of the opponent. The possi- 
bility of using advancements for the purpose of 
correcting simultaneously vertical and lateral de- 
viations has been considered, but an agreement 
does not seem to have been reached so far. The 
majority of papers dealing with advancement 
merely add details of new techniques, chiefly in 
the sutures. The operation lends itself to ulterior 
changes in the sutures for the purpose of correct- 
ing surgical defects during the first few days after 
the surgical procedure. 

Resection. Reese’s method nowadays finds great 
favor. The effect of the operation is that of short- 
ening the muscle and sometimes it has been used 
combined with advancement in order to increase 
its action. Great care has been taken to make the 
sutures more effective and to make them safer, by 
attaching the muscle to the conjunctiva before it is 
severed. The anchorage of the suture on the 
tendon stump has been improved too, and several 
new techniques have been described to that effect. 
As in all operations on the external muscles, the 
trend now is to make a large conjunctival incision 
in order to be able to operate freely on the muscle. 

Tucking. In order to obviate the undesirable 
attachments above or below the previous point of 
insertion a tucking operation, in which the muscle 
is not severed at all, was devised some time ago. 

An argument raised against the tucking meth- 
ods, first advocated chiefly by Burch and Grant, 
is that they are not very exact, as considerable 
stretching of the muscle fibers takes place during 
the first days after the operation and that conse- 
quently it is very difficult to know how much 
should be tucked in order to have dependable 
results. Possible necrosis of the muscle, due to 
strangulation of the blood supplying vessels, has 
been mentioned too. But the method has gained 
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Fig. 2. Myocampter silver ring should be cut as near as 
possible to the conjunctiva, first where the scissors are and 
then where the forceps appear in the illustration. The two 
severed ends can then be easily removed. 


much favor in spite of this, and in the hands of 
those who sponsor this type of surgery the results 
have been very good. If the tucking is performed 
simultaneously with a recession, there will not be 
so much pull on the sutures of the tucked muscle, 
and consequently less stretching. Apparently not 
more than 20 degrees can be corrected with tuck- 
ing. The least that can be tucked to get any effect 
at all is 8 millimeters (von Blascovics). 

Several changes in the technique of the tucking 
operation have been presented, some advocating 
the use of instruments (tuckers) and others, only 
stitches. Recently a method was described pro- 
viding for an anchorage of the muscle on the 
sclera near the limbus (Bardanzellu). 

The tucking of the muscle jointly with the con- 
junctiva has been advocated, too, in order to 
strengthen the operation and to render it blood- 
less. This has been achieved with ordinary stitches 
(Szymanski) or with a silver ring in the myo- 
campter of Barraquer or Lacarrére. According to 
Bristow the myocampter is an improvement of 
Briggs’ instrument presented to the Section of 
Ophthalmology of the American Medical Asso- 
ciation back in 1909, and Otis Wolfe gives testi- 
mony to Briggs’ priority by stating that during 
one of his visits to Barcelona, he showed Barra- 
quer Briggs’ instrument and that later Barraquer 
sent him his model. According to Wolfe, Barra- 
quer never claimed priority for this method. 

Myocampsis met with considerable favor in the 
early thirties. Later Hubert and Lebas advocated 
exposing the muscle first, and then shortening it 
with the myocampter. This renders the method 
much more dependable. About 1o millimeters’ 
shortening can correct up to 20 degrees, if a reces- 
sion is performed simultaneously. Avizonis in- 


vestigated the pathology of muscles after myo- 
campsis, and found the following changes in the 
strangulated part of the muscle; cyanosis, hem- 
orrhages, and some necrosis; and Jacqueau re- 
ported a case of repeated cyst-like growths on the 
conjunctiva over the tucked muscle after myo- 
campsis. Removal of the silver ring about 1 
month after the operation is sometimes rather 
difficult, as the ring is completely buried in the 
conjunctiva. In such cases, after the ring is un- 
covered each end should be held with a simple 
forceps and the ring should be cut apart as is 
shown in Figure 2 (Alvaro, 1). 

“Cinch operation” (O’Connor). O’Connor’scinch 
operation was devised in 1911 and only gradually 
did it become extensively known. From San 
Francisco, where it had been used for a long time, 
it spread gradually throughout the United States 
and in the last years to Europe. Everywhere it 
has been welcomed with marked enthusiasm. 
Barkan’s statement about this method, calling it 
“the most perfect mechanical means of straight- 
ening an eye at any age,” is one of the many which 
indicate the enthusiasm so many ophthalmolo- 
gists have shown for the “shortener” operation. 

The advantages of the method are chiefly the 
absence of sutures and of severance of the tendon. 
It has been pointed out by some surgeons (Wheeler) 
that during the first days after the operation there 
is a rather strong reaction in the eye operated 
upon, but this has been denied by others (Appel- 
man). About ro millimeters is the maximum that 
can be shortened. 

Smukler described a needle, 134 inches long, 
made of 14 gauge wire, which he uses for winding 
the dermal suture round the strips of the muscle. 
He uses special grooved hooks to keep the strips 
separated for the insertion of the suture. The 
muscle is dissected as far as the equator and the 
dermal sutures should be placed at a certain dis- 
tance from the point of attachment in order to 
prevent too much pull on the muscle fibers. Not 
more than 8 dermal sutures should be used. Ce- 
menting both ends of the dermal suture bundle 
with a special metallic cement is a method advo- 
cated by both O’Connor and by Smukler. The 
sutures should be left for about 2 weeks. 

Methods for correcting after effects. Apart from 
the controlled tenotomies, which lend themselves 
to further changes in the position of the eye a few 
days after the operation by tightening or loosening 
the suture, some methods have been devised of 
late to enable the surgeon to perform an after cor- 
rection, if the results do not seem to be satisfac- 
tory in the first few days after operation. Harms 
(33) describes a new method of advancement in 
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Fig. 3. Diagram showing technique of the Harms con- 
trolled advancement operation. 


which he puts in two extra sutures through con- 
junctiva, muscle, and sclera and again through 
muscle and conjunctiva, and placed in such a way 
(Fig. 3) that by tightening them soon after the 
aperation it will be possible to shorten the already 
odvanced muscle still more, thus increasing its 
action. Baudot described a somewhat similar 
method for the same purpose. 

Von Blascovics, as far back as 1922, in certain 
cases in which slight changes in the position of the 
eyes (up to 5) were still desirable, had used after 
operation a special dressing compelling the eye to 
be in extreme adduction or extreme abduction. 
The principle of his method was to force the eyes 
in a certain direction, so that the new attach- 
ments would take place in that position. Strebel 
and Goldman have advocated the use of that 
method. Instead of von Blascovics’ special dress- 
ing, ordinary glasses covered with simple adhe- 
sive can serve the same purpose (Fig. 4). 

Methods for correcting bad operative results. Pa- 
tients previously operated upon and in whom 
there is still some heterotropia should undergo the 
same careful examination as any other case of 
strabismus, in order to determine the proper meth- 
ods of treatment at the proper time. In the case of 
previous recessions or tenotomies a similar opera- 
tion on the antagonist is not advisable in order to 
avoid any degree of proptosis. For certain cases 
in which the ill results have been caused by un- 
wished for adhesions between the muscles and the 
eyeball, Berens (11) has devised a special tech- 
nique: he inserts between the adherent muscle and 
the sclera a transplanted piece of Tenon’s capsule, 
taking care to turn the transplant over, so that 
the side which was formerly turned to the sclera, 
will now be turned to the muscle, thus averting 
the danger of renewed attachments between mus- 
cle and sclera. Capsular advancement has been 
found very useful in cases of paralysis due to 
previous simple tenotomies. 

Divergent strabismus. As a rule there are no 
special methods for the treatment of divergent 
strabismus, the same general principles mentioned 





_ Fig. 4, Von Blascovics’ method for subsequent correc- 
tion during the first 5 to 12 days after the operation. 


for convergent concomitant heterotropia begin 
equally prevalent. Thus an accurate diagnosis of 
the nature of the deviation in each case is abso- 
lutely essential so that one may choose the best 
method. Furthermore, recessions of the external 
recti will be justified only in cases in which there 
is normal convergence, as has been pointed out by 
White and Brown (80). Coppez goes so far as to 
recommend complete tenotomies of the external 
recti, an operation which he otherwise condemns. 
But even on the external recti, tenotomies are not 
very satisfactory, and if weakening of the external 
is desired a recession should be resorted to. Cass 
is in favor of bilateral advancement with resection 
of the rectiinterni. Dunnington too favors a gen- 
erous strengthening of convergence through a 
proper operation on the interni. 

White and Brown (80) emphasize the impor- 
tance of vertical deviations in the success of the 
operative treatment in divergent strabismus, as 
well as in the convergent. Hypertropia should be 
corrected preferably before the management of 
lateral deviation, but in some cases, when it is 
impossible to discover the vertical deviation with 
the necessary accurateness, it is justifiable to cor- 
rect the lateral deviation first. In some cases it is 
possible to correct both deviations, lateral and the 
vertical, simultaneously. Generally it is the in- 
ferior oblique which is responsible for the vertical 
deviation, and in such cases a tenotomy or reces- 
sion (von Blascovics) of the inferior oblique is the 
method of choice. 

Cass calls attention to the fact that operative 
results are very deceptive in divergent strabismus, 
and in many cases immediate good results are fol- 
lowed in a short time by a relapse. Early opera- 
tion is advisable in all cases of alternating strabis- 
mus and in those in which there is improper ad- 
justment. 

Paralytic strabismus. The possibility of re-es- 
tablishing binocular single vision, even if this is 
limited to a very small area in the field of fixation, 
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is welcomed as a blessing by the majority of pa- 
tients. This fact, recently emphasized by Gifford 
(27), shows the importance of the surgical treat- 
ment of paralytic strabismus. The knowledge of 
conditions of binocular vision before the onset of 
paralysis is essential for the choice of the surgical 
method in each case, and the use of prisms after 
the operation in order to correct small defects and 
enable simultaneous macular perception is of 
equal importance. 

An accurate diagnosis of the nature of each 
paralysis, including a minute investigation of the 
functional condition of each muscle and of the 
synergic action of all muscles involved in the move- 
ment of the eyes in the several directions in the 
field of fixation, is of paramount importance for 
the choice of the surgical method in each case. 
According to Bielschowsky, especially in the case 
of vertical deviations, the following questions 
must be answered before a decision is made as to 
if and how any kind of paralytic strabismus may 
be surgically corrected: (1) Does the vertical de- 
viation increase in looking up, or in looking down? 
(2) Is it different in the right and left halves of the 
field of fixation? (3) Are the double images of 
contours parallel in the whole field of fixation, or 
only in a certain part, being inclined toward each 
other in the other part? (4) Does the tilting of the 
head around the sagittal axis without changing 
the direction of the visual lines influence the mag- 
nitude of the vertical and the meridional devia- 
tion, and, if so, in what manner? The answers to 
these questions will enable one not only to differ- 
entiate between a true paralytic strabismus and a 
nonparalytic heterophoria but also to discover 
which muscles are involved —whether those which 
are paralyzed or those which have developed an 
overaction due to secondary contracture. 

The surgical treatment of paralytic strabismus 
should be resorted to only after 6 months have 
elapsed after the inception of the paralysis with- 


out any signs of recovery (Bielschowsky); but 
afterward early treatment is advisable in order to 
avoid contractures of the antagonist. 

The operative treatment should be directed, 
whenever possible, toward increasing the effi- 
ciency of the paralyzed muscle as it should be 
remembered that, according to Sherrington’s dem- 
onstration in 1893, the lengthening of an antagon- 
istic muscle under normal conditions should not 
be regarded as a passive stretching produced by 
the contraction of the agonist, but is really due to 
an active relaxation that takes place even if the 
agonist does not function at all. It is now recog- 
nized, therefore, that it is not possible to improve 
the function of a paralyzed ocular muscle by 
means of weakening its antagonist alone. On the 
other hand, Landolt’s assumption that when 
shortening of the paralyzed muscle proved insuffi- 
cient the contralateral homonymous status of the 
shortened muscle in one eye should be strength- 
ened too, does not stand good any more in cases of 
long standing paralytic deviation with secondary 
contractions. Landolt very rightly opposed teno- 
tomies and that is possibly the explanation for his 
policy. Recessions, however, not bringing about 
the poor results of simple tenotomies, enable us to 
increase the effect of the shortening operation on 
the paralytic muscle by relaxation of the pull of 
the antagonist. In some types of paralytic strabis- 
mus strengthening of the paralyzed muscle is 
technically difficult and weakening of the direct 
antagonist is not enough or may even have a 
somewhat unexpected result, due to an overaction 
of contralateral muscles of synergical action to the 
paralyzed muscle. 

Especially in cases of paretic vertical muscles 
there are other factors to be taken into considera- 
tion whenever parallelism of the eyes is to be re- 
established in the largest possible area of the field 
of fixation by means of an operation. Thus not 
only the overaction of the contralateral associate 
has to be considered as moving the eye vertically, 
but its adduction or abduction and especially its 
conclination or declination are of great impor- 
tance. 

As an example of the complexity of matters 
regarding paretic vertical muscles Bielschowsky 
discusses the subject of inveterate trochlear par- 
esis. As the strengthening of the paretic muscle 
is difficult, there might be a possibility of improve- 
ment of the vertical deviation by the weakening 
of the rectus superior of the paretic eye. But this 
would be only in a very limited area of the field 
of fixation, the effect of this operation being less 
in the lower part of the field—where the vertical 
defect had been greater before—whereas in the 
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upper part of the field of fixation—where there 
had been only a small vertical deviation, or none 
at all before the operation—there will be an over- 
correction in the sense of a contrary vertical de- 
viation. In the lateral movements results are still 
worse as the vertical position of the paralyzed eye 
is dependent upon the oblique muscles, when the 
patient looks toward the healthy side, the vertical 
deviation increases in proportion to the increased 
turning of the paralyzed eye, and conversely de- 
creases when the patient looks away because the 
vertical position of the averted eyes is influenced 
by the vertical recti. After recession of the su- 
perior rectus there would be an increased devia- 
tion both in adduction and in abduction. Still 
more unsatisfactory is the effect of the recession of 
the superior rectus on the rotation of the eyes. 
Both the superior oblique and the superior rectus 
rotate inward, and consequently weakening of 
the superior rectus will increase the disclination. 
Advancing the inferior oblique (advocated by 
Landolt) would likewise cause a more pronounced 
disclination, and would improve parallelism only 
in the lower part of the field, but not in the center, 
as this muscle is inadequate in the nasal quadrant 
of the lower half of the field of fixation. 

Best results show recession of the inferior rectus 
of the contralateral eye. This equalizes the func- 
tion of the associated depressor muscles in the 
two eyes. If a tenotomy is performed there may 
be an overcorrection in looking down, but a reces- 
sion can graduate the weakening of the inferior 
rectus so that no such results will ensue. It should 
be remembered that the left superior oblique and 
the right inferior rectus are associated in depress- 
ing and turning the eyes to the right. The left 
superior rectus turns the upper part of the cornea 
toward the right of the patient (internal rotation) 
and the right inferior rectus turns the upper part 
of the cornea to the right too (external rotation). 
If the left superior oblique is paretic the upper part 
of the cornea in the left eye will move to the left 
(outward). By receding the inferior rectus of the 
right eye the muscle is weakened and conse- 
quently the upper part of the cornea will be 
turned to the left (inward). Thus the vertical 
lateral and rotating elements will have been cor- 
rected. 

Paralysis of the rectus internus. References to 
surgical treatment of paralysis of the adducting 
rectus are rather scanty in the literature. Short- 
ening of the rectus internus and simultaneous re- 
cession of the rectus externus are generally advo- 
cated. Both Jackson and Peter (54) dissect the 
internal halves of the superior and inferior recti 
and transplant them to the point of insertion of 


the rectus internus. Several cases have been 
reported, mentioning good results, of the trans- 
plantation of the superior oblique to the point of 
attachment of the rectus internus (Wegener), 
shortening of the rectus internus and recession of 
the antagonist being performed at the same time. 

Paralysis of the rectus superior. An advance- 
ment or shortening of the superior rectus has been 
advocated. O’Connor’s cinch operation after te- 
notomy of contralateral inferior oblique, if this 
proves insufficient, has been used for that purpose. 
Peter advances the rectus superior and transplants 
the upper halves of the tendons of the rectus 
externus and rectus internus to the new point of 
attachment of the superior rectus. An advance- 
ment attaching the tendon a few millimeters tem- 
poral to its previous attachment has been men- 
tioned by Peter too (54). When there is an over- 
action of the inferior oblique of the contralateral 
eye, this muscle should be operated on, either by 
receding it, according to Rugg-Gunn’s method, 
whereby it is reattached to the periosteum about 
6 millimeters from its normal insertion, or by a 
simple tenotomy. 

White (77) favors a careful myotomy of the 
inferior oblique of the contralateral eye and, if 
this proves insufficient (Gifford, 27), an advance- 
ment and resection of the paralyzed muscle. In 
cases in which even the combination of these two 
methods is not able to correct the deviation, a 
recession of the rectus inferior on the paralytic eye 
should be resorted to. Both Dunnington and 
White (79) agree about the choice method being 
either the advancement of the rectus superior or a 
tenotomy of the inferior oblique of the contra- 
lateral eye. When the paralytic eye is used for 
fixation, there is an overaction of the synergical 
muscle of the other eye, and tenotomy of the con- 
tralateral inferior oblique is to be favored, and, 
conversely, when the good eye is used for fixation 
and no such overaction exists, an advancement of 
the paralyzed superior rectus should be performed. 
Operations on the superior rectus have the dis- 
advantage of causing a disturbance of the move- 
ments of the upper lid and diplopia in the lower 
field of fixation. 

Paralysis of the rectus inferior. An advance- 
ment with resection of the paralyzed muscle seems 
to be the method of choice. If there is an over- 
action of the superior oblique, a recession of the 
trochlear of the contralateral eye has been sug- 
gested (Berens), and if there is a spasm of the 
direct antagonist, a recession of the superior rec- 
tus. Wiener suggested severing the inferior oblique 
close to the sclera, reattaching it nasalward from 
the attachment of the inferior rectus. Casten 
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reported good results in a case of congenital ab- 
sence of the inferior rectus, after having trans- 
planted the external rectus to a spot midway 
between its former attachment and the insertion 
of the inferior rectus. Extorsion and depression of 
the eyeball were thereby achieved. Casten advo- 
cated simultaneous tenotomy of the inferior ob- 
lique if found necessary. Peter advocated the ad- 
vancement of the inferior rectus attaching it a few 
millimeters temporalward (and obviously nearer 
to the limbus) from its former attachment. Bar- 
tels, in a case of absence of the inferior rectus and 
fibrous band of the superior rectus, tenotomized 
the latter and pulled the eye down with sutures on 
the limbal conjunctiva tied on the skin of the lower 
lid. 

Paralysis of the rectus externus. This appears to 
be one of the most common kinds of paralytic 
strabismus. Advancement or shortening of the 
external rectus and recessions of the internal 
rectus have been advocated. 

A simple tenotomy of the internal rectus com- 
bined with special stitches meant to pull the eye 
toward abduction has been described by Vogt. 
The Hummelsheim type of operation with several 
improvements in its technique has been favored 
lately by Gifford (28) Beliaev, Goodman, Lan- 
caster, Alvaro (1), and several others, with fairly 
good results. Gifford reports abductions of 5 to 
35 degrees after the operation. O’Connor, instead 
of using the external halves of the superior and 
inferior recti, transplants the internal halves. 
Wiener prefers to sever the rectus externus 15 
millimeters from the sclera, split the scleral part 
in two horizontal halves, and transplant the su- 
perior and inferior to the superior and inferior 
recti. 

There is some controversy regarding the way in 
which the Hummelsheim type of operation works. 
Some, as Bielschowsky and White (79), believe 
that results are due mostly to the recession of the 
overactive rectus internus and White is rather 
conservative about disturbing the vertical bal- 
ance, although Gifford (27) has never noticed any 
change in vertical balance after operations of this 
type. Spaeth (64) mentioned the results of ex- 
perimental work done at the Graduate Hospital 
in Philadelphia according to which the action of 
the muscular slips is merely that of stays, thus 
permitting the tension of the other abductor mus- 
cles to act whenever reciprocal relaxation of the 
abductors occurs. Meyer, using indiscriminately 
the nasal or temporal strips of the superior and 
inferior recti, stresses the importance of careful 
dissection in order to prevent too much pull on 
the sutures. Worth-Chavasse still favors bilateral 


recession of the internal recti, but that method 
does not seem to be favored by the majority any 
longer. Apple calls attention to the fibrous tracts 
appearing under the contracted internal rectus, 
which have to be severed in order to get good 
results. 

Paralysis of the superior oblique. Next to ab- 
ducens paralysis, this is the most common of 
ocular muscle paralysis. Bielschowsky calls atten- 
tion to the fact that trochlear paralysis has 
become more common in the last 30 years and 
explains this by the more frequent operations of 
the Killian typé, in which the trochlea is easily 
loosened. Paralysis of the superior oblique 
causes some form of torticollis, and therefore 
an early operation is advisable, especially in 
children. 

Von Graefe and Alfred Graefe quite a long time 
ago had devised a surgical treatment for trochlear 
paralysis which was abandoned for many years 
and has now found general favor again, namely 
tenotomy (now substituted by recession) of the 
inferior rectus of the contralateral eye. With this 
method, as it was recently mentioned by Berens, 
Dunnington, McMullen, White, Arganaras, Marx, 
and Pincus, results are quite good, although when 
the patient looks down, the paretic eye is too high, 
and, conversely, too low, when the patient looks 
down and away, as it was mentioned recently by 
Messmann. Recession of the inferior recti has the 
disadvantage in many cases of causing a certain 
degree of ptosis of the lower lid. In order to 
prevent this, a careful suture of the conjunctival 
wound is essential. Bielschowsky prefers not to tie 
the sutures of the receded tendon, in order to be 
able to tighten or loosen them according to results 
obtained in the next few days. 

Tenotomy of the inferior oblique of the same 
eye is favored too (Ploman) and, according to 
Spaeth, Duane and Bielschowsky, it should be 
used chiefly when there is an associated exophoria. 
The method formerly described, of recession of 
the inferior rectus of the contralateral eye, is the 
method of choice when there is esophoria. White 
favors operating on the contralateral inferior rec- 
tus first, and then, if necessary, on the inferior 
oblique. Gifford, on the other hand, prefers to 
operate on the inferior oblique first. Dunnington, 
Messmann, Borsotti, and others favor tenotomy 
of the inferior oblique only when there is a strong 
secondary contracture. 

Jackson’s method of transplantation of the su- 
perior rectus was recently favored by Vasquez 
Barriere, and Savin still favors the method, now 
generally abandoned, of recession of the superior 
rectus. 
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The method advocated by Landolt, of advanc- 
ing the inferior rectus, has been equally aban- 
doned. Wheeler devised an operation to shorten 
the paralyzed superior oblique, but its technique 
seems rather difficult and its use has been dis- 
couraged (Peter, 54). Aurand dissected strips of 
the external and inferior recti and attached them 
to the sclera at a distance of 3 millimeters from 
the limbus at the 7.30 meridian. 

Paralysis of the inferior oblique. An advance- 
ment operation for the inferior oblique has been 
described by Wheeler. The muscle is detached 
from the orbit, pulled out, and sutured to the 
cheek bone. Recession of the superior rectus of 
the contralateral eye has been advocated by 
White and Berens. 

Bilateral paralysis of homonymous muscles. Han- 
dling of bilateral paralysis of homonymous mus- 
cles is rather difficult. According to what has been 
published so far (White, 78), bilateral paralysis of 
the rectus superior, when it is predominant in one 
eye, calls for tenotomy of the inferior oblique on 
the less paretic eye, and according to the result 
shortening of the superior rectus of the lower eye 
or tenotomy of the inferior oblique of the other 
eye. When the patient uses constantly only one 
eye for fixation (generally it is the more paretic 
eye), the external rectus of the deviated eye 
should be operated on by performing an advance- 
ment or recession according to the lateral devia- 
tion in each case and a tenotomy of the inferior 
oblique. When one or the other eye is alternately 
used, bilateral tenotomy of the inferior obliques 
and in mild cases bilateral shortening of the su- 
perior recti should be performed. Whenever bi- 
lateral paralysis of the superior recti is almost 
complete, care should be taken not to touch the 
inferior obliques, in order not to weaken the ele- 
vators entirely. 

For bilateral trochlear paralysis Jaensch pre- 
scribes recession of the inferior rectus on one eye 
followed by a similar recession on the other eye if 
necessary, the second operation depending upon 
the results obtained in the first. 


ANESTHESIA 


As in other branches of surgery, the latest de- 
velopments of anesthesia have done much toward 
improvement of surgical treatment. Possibly the 
favor enjoyed by the simpler and cruder methods, 
the results of which were so unsatisfactory, was 
chiefly due to the lack of proper methods of anes- 
thesia. There is no doubt about the influence of 
anesthesia on the opinion of many ophthalmolo- 
gists as to the minimum age at which to operate 
on a child with strabismus. General anesthesia 
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was not favored in the older days because during 
the operation the deviation could not be seen, it 
was claimed, and consequently the surgeon had 
nothing to gauge the operation by. Lately how- 
ever, as has been pointed out by Dunnington, 
accurate preoperative examination of the patient 
permits establishing a definite plan beforehand. 

Peter (55) favors general anesthesia in all cases, 
as he believes that local anesthesia is always 
responsible for some degree of edema which may 
cause important landmarks to become obscured. 
Anyway for children under 12 and for those adults 
whose temperament or disposition prevent them 
from being co-operative with the operator, gen- 
eral anesthesia is essential. 

For general anesthesia the use of ether, vine- 
thene, diethylic ether, nitrogen peroxide, ethylene, 
cyclopropane (the two latter are inflammable) has 
been advocated. Magill’s tracheal tube should 
always be used in order to keep the operative 
field unobtruded (Prangen, 58). Morphine sulfate 
0.01 gram and atropine sulfate 0.0004 gram hypo- 
dermically, should be given about 30 minutes be- 
fore general anesthesia. 

Evipal, pentothal, and avertin are very useful 
too, but in most instances a smal] amount of ether 
will have to be added. Barbiturates are generally 
used as preoperative sedatives the night before, 
and on the morning of the operation both for gen- 
eral and for local anesthesia. 

When local anesthesia is used, instillation of 
anesthetic drops, the gauze pack (Meller), and 
injection into the muscle sheaths will be found 
insufficient, and block anesthesia will have to be 
resorted to. But as it has been pointed out (Weill, 
Bressler) local anesthesia is unsatisfactory in many 
cases, especially in the case of undue traction of 
the muscles and tendons with the hook. The 
combination of local and general anesthesia has 
been favored too, with the purpose of reducing the 
amount of general anesthetic which will be neces- 
sary for the operation. 


INSTRUMENTS 


Many instruments have been built for the par- 
ticular purpose of rendering one or more phases of 
a certain type of operation easier, and each opera- 
tor becomes attached to the type of instruments 
he is used to. Lately new instruments have been 
perfected, and the use of others introduced. Thus, 
Spaeth (65) emphasizes the importance of the lids 
of the speculum covering the cilia to prevent tiny 
clippings falling into the wound. For the same 
purpose Durr uses a sterile rubber sheet in which 
he makes a slit to insert the speculum, the rubber 
tissue covering the eyelashes completely. 
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For measurements of the number of millimeters 
in advancement, shortening resection, or recession 
operations, Berens built a special caliper on which 
the distance between the two points is easily read- 
able, and Green described another model one 
point of which is very thin and guarded in order 
to enable easy fixation with little traumatism and 
no danger of perforation, the other bladelike end 
of the instrument being meant for marking the 
sclera with gentian violet or fuchsin. 

Tendon spreaders taking the place of the two 
hooks to be held by an assistant were built by 
Wurach in Berlin and by Grieshaber in Switzer- 
land after the patterns of Streiff and Schweigger- 
Gutzeit respectively. Similar to these tendon 
speculums is the bodkin described by Lodge made 
of thicker stainless steel wire. The handle and the 
hook with its terminal eye are ground to the 
original gauge, but the middle third is forged into 
a grooved director curved on the flat. The bodkin 
is meant to put the extraocular muscle at rest and 
render it more accessible to sutures. 


SUTURES 


A rather large number of methods for the opera- 
tive treatment of strabismus have been devised 
just because the existing sutures were found to be 
unsatisfactory. Lancaster back in 1901 showed, 
by his experimental work, exactly how much ten- 
sion was necessary to pull the simple sutures 
which were used in those days through the muscle 
fibers, and the results were not very encouraging. 
Since then several more reliable types of sutures 
have been described, such as the stitches zigzag- 
ging through the muscle (Lancaster Thompson), 
Ziegler’s ‘“‘whipstitch,” and the mattress suture. 

By means of a double armed thread a great 
number of suture may be made with but one 
thread; according to Jameson all other things 
being equal it is best to be able to bring about the 
apposition of all the tissues with one single suture. 
Fanlike spreading of the tendon on the sclera, 
however, is essential, and care must be taken that 
the sutures keep the tendon in proper position. 
Strangulation of all the muscular fibers should be 
avoided by all means, and for that purpose the 
central part of the muscle should be left free of 
sutures (Lancaster). The violation of this prin- 
ciple is responsible for many bad results, which 
change a tucking operation into a tenotomy, the 
adhesions of the muscle and the capsule to the 
sclera at a point where the sutures rest on the 
sclera, being responsible for a less catastrophic 
result and for the still disappointing status quo 
(Spaeth, 65). The careful handling of the mus- 
cles is just as necessary, and forceps should be 
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applied only on those parts which are intended for 
resection. 

The fact that silk could be used without any 
misgivings in buried sutures (Lancaster) made silk 
sutures more and more popular in the early 
thirties. Lately, however, improvements in cat- 
gut, rendering it more reliable as to sterility and 
endurance (10 or more days without resorption 
and causing little reaction) and the appearance of 
atraumatic needles have turned the tide so that 
today catgut is gaining more in favor. Generally 
No. ooo catgut is used for resections and advance- 
ments and No. ooooo for recession and conjuncti- 
val sutures (Prangen, 58). 

According to Muegge, silk should be waxed 
before it is used (7 parts of yellow beeswax, 1 part 
of almond oil, 1 part of salicylic acid—Peter, 55). 
For advancements on the lateral muscles twisted 
silk No. 4 or braided silk No. 1 should be used, for 
the vertical recti, twisted silk No. 2 and for con- 
junctival sutures, twisted silk No. 1 (Peter, 55). 

Scleral sutures have become commonplace, and 
scleral perforations formerly a formidable occur- 
rence are really rare (Butler). 


SUMMARY AND CONCLUSIONS 


The large number of operative methods and the 
almost infinite variations of sutures are an indi- 
cation that, as it has been stated by C. Maynard 
Wheeler, “There is no unanimity of opinion as to 


the proper handling of strabismus. Comparably 
favorable end-results can be achieved by several 
methods. The procedure of choice for any surgeon 
is the one with which he is most familiar and in the 
performance of which he is most skilful,” provided 
of course the right type of operation for each case 
has been carefully chosen. 

Regarding immediate postoperative dressing 
there appears to be some slight individual varia- 
tion. Binocular occlusion for at least 2 to 7 days 
is almost generally accepted. Barraquer’s occlu- 
sion bandage seems to be most comfortable to the 
patient. 

Complications are rare. Butler in 30 years lost 
only one eye, due to panophthalmitis, because of 
infected catgut, and Kiehle and Henton in 286 
operative cases had only one eye complicated 
with uveitis. Against local reactions, foreign pro- 
tein has been advocated (Spaeth, 64) and recently 
sulfanilamide has given good results: when admin- 
istered orally and locally. The local use is condi- 
tioned by its solubility so that enough concen- 
trated solutions can be used. For that purpose 
natrium-sulfanilacethylamide of which 30 per cent 
solutions can be easily obtained shows good re- 
sults. 
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THE 1941 CLINICAL CONGRESS 


LELAND S. McKITTRICK, M.D., F.A.C.S., Boston, Massachusetts 


HE Thirty-First Annual Clinical Con- 

gress ended on November 7, 1941, after 

a successful, though in no way eventful, 

meeting. There were the usual ex- 
cellent evening programs on subjects of general or 
special interest, by men of prominence in their 
various fields. There were more panel discussions 
than in previous meetings, and there was one 
innovation, The Forum on Fundamental Surgical 
Problems. Daily, organized clinical programs 
were given by the twenty-eight participating hos- 
pitals of greater Boston. 

Exactly one month later, the Japanese attack 
in the Far East gave a new meaning to the 1941 
Congress. Few surgeons realize the large number 
of men who take an active part in such a meeting. 
Nearly one hundred young men presented the 
material, and at least two hundred took an active 
part in the investigative work which was reported 
in the Forum on Fundamental Surgical Problems. 
More than one hundred different surgeons con- 
tributed to the ever popular panel discussions. 
The clinical programs in the hospitals were de- 
pendent upon the efforts of a majority of the staff 
members. The special lectures brought widely 
known surgeons from all parts of the Western 
hemisphere. In retrospect then, this 1941 Con- 
gress assumes a position of importance not recog- 
nized during or immediately following the meet- 
ings. Not until the present international discord 
has ended will it again be possible to assemble the 
man power necessary for a meeting of this 
proportion. 

The Presidential Meeting and Convocation on 
Monday evening seemed particularly impressive. 
Symphony Hall, home of the Boston Symphony 
Orchestra, lends itself unusually well for such‘an 
assembly. It was filled with Fellows, their fam- 
ilies, and with friends of medicine. The presence 
on the stage of Temporary Surgeon, Rear Admiral 
Gordon Gordon-Taylor, of the Royal Navy, of 
General James C. Magee, Surgeon-General of our 
own Army, and of Rear Admiral Ross T. McIn- 
tire, Surgeon-General of the Navy seemed to 
anticipate the large number of our new and recent 
initiates who have since gone into active service 
in the Army or Navy. It was most appropriate 
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that the President to confer Honorary Fellowship 
upon Mr. Gordon Gordon-Taylor should be Dr. 
W. Edward Gallie, a citizen of the British Empire. 
Mr. Gordon-Taylor’s acceptance was brief, sin- 
cere, and impressive. His presentation to the 
College of a bomb shattered relic from the 
Hunterian Museum brought the tragedy of mod- 
ern war a little closer to all of us. 

The Committee on the Forum on Fundamental 
Problems, under the chairmanship of Dr. Owen 
Wangensteen, has successfully established this 
feature as a permanent part of the program of 
future meetings, when, once again, young men 
are available to carry on the investigative work 
which forms the basis for these reports. The 
character of these papers and the enthusiasm with 
which they were received is further evidence of 
the desire of the Fellows to keep alert to the ad- 
vances being made in surgery. 

The Clinical Pathological Conferences held at 
the hotel in the latter part of the afternoon, which 
were organized by Dr. Shields Warren with the 
help of Drs. Tracy Mallory, Harold G. MacMa- 
hon, and Sidney Farber, were extremely popular. 
Surgical specimens from the various hospitals 
were collected and projected in natural colors 
through the Zeiss epidiascope. This material, 
with a brief clinical history of the patient from 
whom it was removed, offered excellent teaching 
material, and it was used to greatest possible 
advantage. 

In previous years, with fewer panel discussions 
and without the Forum, it was encumbent upon 
the hospitals to organize a program which would 
accommodate all of the visiting Fellows. It is 
quite probable that in future years a better bal- 
ance may be obtained between hospital and hotel 
programs than was possible this year. With this 
in mind, a careful survey of the attendance at the 
various hospitals has just been completed. 

It would not be fitting to make any reference to 
this meeting without stressing again the spirit of 
co-operation which existed between the hospitals 
of metropolitan Boston in the organization and 
preparation of the clinical program as well as in 
its final execution. This spirit, which is, in reality, 
the spirit of medlicine, is the basis for the con- 
tinued success of the College. 
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DEFENSE NEEDS SUGGEST TIMELINESS OF COLLEGE 
PROGRAM FOR GRADUATE TRAINING IN SURGERY 


DALLAS B. PHEMISTER, M.D., F.A.C.S., Chicago, Illinois 


T the third Clinical Congress in 1912, 
the idea of forming the American Col- 
lege of Surgeons was conceived in order 
to assure that the personnel of the mem- 

bers of the Congress, its clinicians, would repre- 
sent high moral and ethical standards as well as 
professional qualifications in the profession. That 
purpose, then broad and revolutionary, sounds 
surprisingly narrow now that the original plan 
and many succeeding ideas have been outgrown 
in the development of the College. Adaptation 
and enlargement of its program to meet the cur- 
rent needs have earned for this organization its 
present authoritative position in directing the 
advancement of the art and science of surgery 
through raising the standards of surgical educa- 
tion and practice. 

At the moment the activity that best expresses 
the “outgrowing”’ or rather “upgrowing” tend- 
ency of the College is the program of graduate 
training in surgery. It has developed quite nat- 
urally in connection with Hospital Standardiza- 
tion. The stimulation that it is giving to the crea- 
tion of more opportunities in more approved hos- 
pitals for surgical education is helping to assure 
our military forces today of surgical service of 
high quality. It is also aiding our general popula- 
tion to continue having adequate service in 
civilian hospitals notwithstanding the enlistment 
of many surgeons in the Army and the Navy. 
The need for national defense, that includes health 
defense as a primary requisite, suggests the time- 
liness of increased effort by the College to provide 
additional opportunities for adequate training 
in surgery. 

Interruption of training due to enlistment in 
military service is a problem that existing condi- 
tions present. We can ill afford to curtail training 
for surgery at a time when we urgently need more 
and better trained surgeons. Asa partial solution, 
certain of the larger general hospitals of the Army 
and the Navy will probably arrange to provide 
opportunities for certain junior medical officers to 
continue their training in these institutions when 
it is interrupted by enlistment. For those excep- 
tionally well qualified whose training could not 
be pursued in military hospitals, perhaps exemp- 
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tion or deferment from military service will be 
obtained. It was the consensus of the Committee 
on Graduate Training in Surgery held during the 
last Clinical Congress that in the ensuing year 
considerable effort should be devoted to the 
formulation of a definite plan for the solution of 
this problem. Each recent graduate of medicine 
having completed his interneship and now having 
an appointment in a hospital approved for grad- 
uate training in surgery should be permitted to 
continue his training if possible without interrup- 
tion. The American College of Surgeons can 
assure the War and Navy Departments that 
standards of service to hospital patients are al- 
ways raised when the institution utilizes its re- 
sources for professional education. The atmos- 
phere immediately becomes more scientific and 
more progressive and this reacts to the good of the 
patient. Difficulties encountered in providing ad- 
vanced study of the basic medical sciences and 
research will no doubt be surmounted with the 
co-operation which may be expected of. the 
medical schools and civilian hospitals. However, 
the needs of our military forces must be met and 
under the present world conditions some ‘of our 
most desirable and ambitious plans may have 
to be changed. 

As for the status of the program in general, it 
was announced at the 1941 Congress that 216 
hospitals, 16 more than the previous year, have 
acceptable programs for training in general sur- 
gery and/or the surgical specialties. Under- 
graduate teaching is being done in 143 of these 
approved hospitals. Connections with a medical 
school provide certain phases of the graduate 
teaching program in 158 of the institutions ap- 
proved. Of particular interest is the fact that 
41 hospitals without medical school connections 
are now utilizing their own facilities sufficiently 
to be included on the approved list. The College 
recognizes the educational opportunities existing 
in certain group clinics. Eight of these organiza- 
tions are included in the present approved list 
and more are expected to be added from time to 
time as they develop sufficiently comprehensive 
programs. As proof that opportunities may be 
created in different types of hospitals, the 1941 
report shows that 109 of the hospitals approved 
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for graduate training in surgery are under com- 
munity control, 70 under state or municipal 
ownership and control, 27 under church, 8 are 
associated with group clinics, and 2 smaller priv- 
ate hospitals now appear on the list. 

The 1941 report indicates that there are approx- 
imately 1900 men in training in the hospitals 
approved by the College. The total number of 
men turned out annually who have completed 
training of two or more years’ duration, in round 
numbers, is 700. Analysis shows that 60 per cent 
of these men are receiving training of a duration 
of three or more years. The effect on surgical 
standards of releasing each year some 700 sur- 
geons who have had systematic training under 
good supervision is obvious. It foreshadows the 
approach of the time visualized from the begin- 
ning by the founders of the College when a license 
to practice medicine would not necessarily be con- 
sidered as authorization to practice surgery. In 
the approved hospital, of which there were 2,873 
announced at the Congress this year, application 
of the principles of Hospital Standardization as 
advocated by the College has exerted a strong in- 
fluence in confining the practice of surgery to well 
qualified surgeons. This possibility is being con- 
tinuously promoted through progress of the pro- 
gram of graduate training in surgery which is 
operating to insure an increasing number of well 
trained surgeons each year. 

The Committee on Graduate Training in Sur- 
gery realizes the importance of continued prog- 
ress in the work of Hospital Standardization as 
basic to its own program. No doubt the future of 
the College and of American surgery is involved 
in these two important activities of the College. 
It is through this activity, coupled with the 
counselorship plan for junior candidates, that the 
College is projecting itself forward as an influence 
on the surgery of tomorrow. This it is obligated 
to do in order to pursue its purpose of continually 
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elevating the standards of the practice of surgery. 
It also recognizes the stimulation to the younger 
surgeons which is promoted by the holding of a 
Forum on Fundamental Surgical Problems in con- 
nection with each Clinical Congress. Those who 
conceived and developed this idea which proved 
such a popular feature of the Boston meeting are 
to be congratulated and there is every reason for 
its repetition. This creation of opportunities to 
communicate the results of research will focus 
more interest on the basic science and research 
aspects of the graduate training program of the 
College. 

In the October, 1941, issue of the College 
Bulletin there were published revised and addi- 
tional descriptions of approved plans for graduate 
training in general surgery and the surgical 
specialties. It was telt that the republication of 
these plans was justified by the changes wrought 
in the preceding year and by the intensification 
of interest in surgical training as a result of the 
national defense effort. The up-to-date published 
outlines of these educational programs provide 
information for the medical student and interne 
and also an easy method of comparison between 
institutions. If thereby a wholesome spirit of 
rivalry is engendered which will lead to the im- 
provement of some of the plans and the inaugura- 
tion of additional ones, one of the primary pur- 
poses of republication will have been accom- 
plished. 

The national emergency is placing obvious 
difficulties in the way of progress, but despite 
these difficulties the prospects are good for mak- 
ing 1942 a significant year in the annals of sur- 
gical education. It is fortunate that the graduate 
training program is already so far advanced that 
it can prove its benefits in these critical times 
when the country is dependent to a greater ex- 
tent than ever before upon competent surgeons 
for both military and civilian service. 





TWENTY-FOURTH ANNUAL HOSPITAL 
STANDARDIZATION CONFERENCE 


MALCOLM T. MacEACHERN, M.D., Chicago, Illinois 


SPEAKER at the “preparedness”’ session 
of the 1941 Hospital Standardization 
Conference, after mentioning the loss of 
medical staff members because of their 

entrance into military service, and the consequent 
danger of lowering the standards of medical and 
surgical care of patients, said: “The real difficulty 
will arise if and when war comes.” Thirty-four 
days later there was no “if” to befog our thinking 
about preparedness; the United States had been 
attacked and we were in the war. 

The country was at war when the first Hospital 
Standardization Conference was held in 1917. 
That fact was a stimulus to the desire to improve 
hospital service. Said one speaker, “Nearly every 
hospital epoch, since hospital history began, has 
been coincident with a war. We are now in the 
midst of the greatest war that the world has ever 
known. Then is it too much to predict that we 
are at the threshold of a new hospital era, one that 
will witness a marvelous growth in the number of 
people who seek the hospital when they are sick?” 

The prediction has been fully realized. The 
onset of a greater World War than the first one 
finds the hospital offering indispensable facilities 
for the treatment of the sick and wounded. The 
people have been educated to the value of hospi- 
talization as greatly enhancing their chances for 
recovery from disease or injury. The war will not 
change their dependence on the hospital—in fact, 
will increase it, for, as a discussion leader at the 
Hospital Conference said: 

“Modern warfare with its bombings and casual- 
ties of civilian population demands skilled, capable 
personnel on every hospital staff. ... We must not 
make the mistake of the last war by permitting 
all of the very best men on our staffs to enter 
military service. . . . Service to the community is 
just as important as active military duty... .” 

A shortage of personnel is, however, inevitable. 
Competent and qualified physicians and nurses, 
and other trained technical personnel, must be 
released to the armed forces. The only way to 
obtain sufficient staffs to carry on in our civilian 
hospitals is to mobilize all teaching resources for 
the training of new personnel. As Dr. Bert Cald- 
well, executive secretary of the American Hospital 
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Association, pointed out at the opening session of 
the hospital conference, the need is “to train new 
personnel to replace those called to the colors; to 
recall into more active service with the hospitals 
and to retrain the physician and nurse who in 
years past have staffed them and who by reason 
of age, disability, or other sufficient cause have 
been inactive; to place in training an increased 
number of technical personnel; and to train for 
civilian service in the care of the sick, men and 
women who are not accepted for duty with our 
armed forces.” 

The defense era was wisely spent by hospitals 
in planning methods and expedients by which they 
could continue to give high standards of service 
when war descended. Many of these were de- 
scribed at the 1941 conference. Recommendations 
pertaining to personnel included pooling resources 
among hospitals, for example, one roentgenologist 
and one pathologist serving several institutions, 
with technicians being employed to do the detail 
work. Another suggestion was that surgical spe- 
cialists be similarly allocated among several hos- 
pitals. It was urged that physicians who remain 
at home take refresher courses in the field in which 
their interest is greatest, to prepare for more in- 
tensive specialization, each man doing the work 
for which he is best qualified and giving the maxi- 
mum service. A third very important suggestion 
was that all staff members be required to attend 
lectures and demonstrations on the modern meth- 
ods of caring for emergencies and simple fractures. 

A foretaste of the problems that were in store 
for hospitals was given in the prewar emergency 
period. During the 1941 survey the field staff of 
the American College of Surgeons noted that many 
hospitals, particularly in industrial areas, had an 
increased volume of work, and were encountering 
difficulties in carrying the extra load with de- 
creased professional and technical personnel. They 
found that the services of the medical staff of 
many hospitals were impaired by a smaller num- 
ber of conferences to review the clinical work and 
decreased attendance at conferences, owing to the 
increased work of physicians. They discovered 
that some surgeons were using nurses as first as- 
sistants at major operations, with the reason given, 
in some instances, that the regular associate or 
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assistant was in military service. They reported 
that the obtaining of adequate medical records 
was seriously affected by the shortage of internes 
and residents, and that maintaining adequate 
nursing service was threatened by the decrease in 
nursing personnel in many hospitals. 

These conditions have interfered considerably 
in carrying out some of the requirements of Hos- 
pital Standardization, but field representatives 
found that in most instances adjustments were 
being made to continue to meet the standards. 
On the whole the performance was remarkably 
good and augurs well for a creditable war time 
record. The incentive supplied by the desire for 
approval by the College promises to be exceed- 
ingly helpful in maintaining the quality of hospital 
service. Administrators say that the public is be- 
coming better informed on ratings of hospitals, 
and prospective patients frequently ask whether 
the hospitals in their community are approved. A 
further factor spurring hospitals to seek and hold 
approval is the stipulation by many agencies that 
patronage or aid go only to approved institutions. 
This is true of state, county, and city governments 
which subsidize hospitals for the care of indigent 
patients; of group hospital service plans; of cham- 
bers of commerce in endorsing campaigns for funds 
by local hospitals; of insurance companies when 
they grant reduced rates on liability insurance; of 
banks and finance companies in making loans to 
hospitals; of state boards of nursing education in 
accrediting schools of nursing; of hospitals accept- 
ing affiliate students for special courses in nursing; 
of the American Red Cross in its extension pro- 
gram of volunteer workers; and of federal and 
state governmental departments charged with the 
granting of funds for indigent crippled children’s 
care. It will doubtless also apply to aid extended 
by the federal government for financing additions 
to physical plants and for meeting the expense of 
training certain types of personnel. All of these 
agencies show by their use of it that the gauge of 
approval is a valued help to them in determining 
which hospitals merit their assistance. 

In the first World War, the War Department 
lacked a reliable means of judging the compe- 
tence of physicians, particularly specialists; con- 
sequently many men were misplaced—as one sur- 
geon expressed it, there were numerous “round 
pegs in square holes.” Now that hospitals are 
standardized, and their medical staffs are organ- 
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ized, it should be possible to ascertain directly 
from his hospital what standing the individual 
physician has in medicine, surgery, or a specialty. 
The College and other medical organizations also 
now have complete information concerning their 
members. It is essential that during the war period 
the requirements of the College concerning ap- 
pointments to, and organization and control of, 
the medical staff be met as usual, with a minimum 
of tolerance of practice outside the designated 
field, in case of necessity only. 

An interesting feature of the 1941 Hospital 
Standardization Conference was a series of panel 
discussions on the obstetrical department, the de- 
partment of orthopedic surgery, the department 
of anesthesia, the department of ophthalmology 
and otolaryngology, and the department of urol- 
ogy, respectively. The discussion covered the es- 
sentials pertaining to efficient operation of these 
departments, and included:-consideration of edu- 
cation and training of the various specialists. 

The 1941 list of approved hospitals, as an- 
nounced at the Hospital Standardization Confer- 
ence, showed 2,526 institutions fully approved, 
347 provisionally approved, a total of 2,873. The 
total number of hospitals under survey in 1941 
was 3,688, of which 77.9 per cent were approved. 
With the country at war, it is especially encour- 
aging to have so many military and civilian hospi- 
tals which are organized and equipped to afford 
the physician the greatest possible assistance in 
his endeavor to save life and minimize suffering 
and disability from illness and injury. This year 
it is planned to promote the standardization of 
those Army hospitals which have not been ap- 
proved, owing to the fact that it has not yet been 
possible to survey them. Last fall in continental 
United States there were 218 Army hospitals with 
a total bed capacity of 79,019, which is rapidly 
growing. 

The need now is to view our hospital situation 
as a whole, with due consideration for safeguard- 
ing both military personnel and civilians. We face 
total war, which means total hospital service. Our 
24 years’ work in active encouragement of the 
improvement of hospitals is yielding high returns 
today in preparedness to meet the needs of America 
at war. Unrelaxing effort to keep the standards 
high will bring us through the conflict with a bril- 
liant record of service by our great modern hos- 
pitals and the personnel that they have trained. 





cd 


f, 
m 


al 


ng 


of 
p- 
en 
tal 
th 
lly 


on 
rd- 
ice 
Jur 


rns 
ica 
rds 
ril- 
Os- 


ed. 





BOSTON COMMITTEE 


EXECUTIVE COMMITTEE 
LELAND S. McKittrick FRANK H. LAHEY 


Chairman CHARLES C. LuND 
RicHARD H. SwEEtT DonaLD Munro 
Secretary CHARLES G. MIXTER 


ARTHUR W. ALLEN 
EDWARD D. CHURCHILL 
HowarpD M. CLuTE 

I. GRANVILLE CRABTREE 
ELutiott C. CUTLER 
I'REDERICK C, IRVING 
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ROBERT B. OsGoop 
FRANK A. PEMBERTON 
GeorcE L. ToBEy, Jr. 
FREDERICK H. VERHOEFF 
IRVING J. WALKER 
SHIELDS WARREN 


HOSPITAL REPRESENTATIVES 
Beth Israel Hospital—Jacob Fine 
Beverly Hospital—Richard E. Alt 
Evangeline Booth Maternity Hospital—W. J. McDonald 
Boston City Hospital—Otto J. Hermann 
Boston Lying-in Hospital—Frederick C. Irving 
Peter Bent Brigham Hospital—Elliott C. Cutler 
Robert Breck Brigham Hospital—John G. Kuhns 
Carney Hospital—A. M. Fraser 


ON ARRANGEMENTS 


Children’s Hospital—Thomas H. Lanman 

Corey Hill Hospital—Richard H. Overholt 

Faulkner Hospital—E. L. Young 

Free Hospital for Women—Frank A. Pemberton 

Collis P. Huntington Memorial Hospital—C. C. Simmons 

Lakeville State Sanatorium—George W. VanGorder 

Malden Hospital—E. J. Reynolds 

Massachusetts Eye and Ear Infirmary—F. H. Verhoeff 

Massachusetts General Hospital—Arthur W. Allen 

Massachusetts Memorial Hospitals—Frank E. Barton 

New England Baptist Hospital—N. W. Swinton 

New England Deaconess Hospital—B. P. Colcock 

New England Hospital for Women and Children—L. D. 
Adams 

New England Medical Center—Samuel H. Proger 

Newton Hospital—E. D. Leonard 

Palmer Memorial Hospital—Leland S. McKittrick 

Pondville Hospital—E. M. Daland 

St. Elizabeth’s Hospital—Joseph Stanton 

Salem Hospital—Walter G. Phippen 

United States Marine Hospital—R. L. Waugh 

United States Naval Hospital—J. J. A. McMullin 








The Thirty-second Annual Clinical Congress 
of the American College of Surgeons will be held 
in Chicago, October 19-23, 1942. 
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EADING manufacturers of and dealers in 
surgical instruments, hospital apparatus 
and supplies, diagnostic and therapeutic 
apparatus, pharmaceuticals, and pub- 
lishers of medical and surgical books were repre- 
sented in the Technical Exhibition at the Hotel 
Statler in Boston, November 3-7, 1941. 
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Warren E. Collins, Inc., Boston 

Crane Co., Chicago 
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Cutter Laboratories, Berkeley, California 
Davis & Geck, Inc., Brooklyn 
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DePuy Manufacturing Co., Warsaw, Ind. 
A. W. Diack, Detroit 

Duke Laboratories, Inc., Stamford, Conn. 
Eastman Kodak Co., Rochester, N. Y. 

J. H. Emerson Co., Cambridge, Mass. 
Foregger Co., New York 

General Electric X-Ray Corp., Chicago 
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Lewis Manufacturing Co.—Bauer & Black, Chicago 

Liebel-Flarsheim Co., Cincinnati 

Eli Lilly & Co., Indianapolis 
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Medical Bureau, Chicago 
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Radium Chemical Co., Inc., New York 
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Sanborn Co., Cambridge, Mass. 
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Schering Corp., Bloomfield, N.J. 

Schering & Glatz, New York 

J. R. Siebrandt Manufacturing Co., Kansas City, Mo. 
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E. R. Squibb & Sons, New York 
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Taylor Instrument Cos., Rochester, N. Y 

Charles C. Thomas, Springfield, Ill. 

Tower Co., Seattle, Wash. 
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Zimmer Manufacturing Co., Warsaw, Ind. 


Cleveland 


648 














and 











Figs. r and 2, above—two days 


Figs. 3 and 4, below—seven days 


The Superiority of Fine Catgut over Fine Silk as a Mucosal Suture in Gastric Surgery.— 
John O. Bower and A. E. Pearce. 








